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A bstract
The s tru c tu re s  of p e rio d a te  ions in  so lu tio n  were s tu d ied  by
spectrophotom etric  methods. The presence of a dimer in  so lu tio n s  of
high  pH was e s ta b lish e d , and the  d im erisa tio n  constan t measured a t
1.0°C and 25*0°C. I t  i s  proposed th a t  the  s tru c tu re  of the dimer i s
I_ o l , and th a t  o f the  monomer from which i t  i s  derived  i s  HIO._. I t  i s  2 9 5
confirmed th a t  I0~ i s  the  predominant sp ec ies  in  n e u tra l s o lu tio n s . The 
f i r s t  and second apparent io n is a tio n  co n stan ts  of o rth o -p e rio d ic  ac id  
were measured using  spectrophotom etric and p o ten tio m etric  methods.
Previous measurements of the apparent second io n is a tio n  constan t a re  in  
e r ro r  due to  the n eg lec t of the d im erisa tio n  o f th e  d ian ion .
The k in e tic s  of the  ox ida tion  of phenyl ethane d io l by p e rio d a te  
were in v e s tig a te d  a t  1,0°C over a range of pH and d io l concentration*
The r e s u l t s ,  supplemented by spectrophotom etric and pH change experim ents, 
show th a t  a rap id  and re v e rs ib le  form ation of a p e r io d a te -d io l complex 
occurs. The v a r ia t io n  w ith pH of the ra te -c o n s ta n t fo r  the decom position 
o f the complex to  products shows th a t  the only species undergoing 
decom position i s  i t s  mono-anion. The io n is a tio n  co n stan ts  of the  complen. 
the  equ ilib rium  co n stan ts  fo r  i t s  form ation, and the  ra te -c o n s ta n t fo r  i t s  
decom position were c a lc u la te d  and compared w ith  the  corresponding va lues 
fo r  ethane d io l .
The o x ida tion  of meso-1, 2-diphenylethane 1:2 d io l  by p e rio d a te
was in v e s tig a te d  in  an a c e ta te  b u ffe r . The e f fe c t  of b u ffe r  
co n cen tra tio n  and a c id i ty  on the r a te  were a lso  s tu d ied . The 
r e s u l t s  show th a t  the  form ation of a complex i s  the  ra te -d e te rm in in g  
s te p .
The n .m .r, sp ec tra  of c e r ta in  d io ls  and th e i r  p e rio d a te  
complexes were ob ta ined . For the d io ls  some conclusions regard ing  
th e i r  conform ations were made. Spectrophotom etric s tu d ie s  shoxf 
th a t  n e ith e r  t~butanol nor propane 1:5 d io l form p e rio d a te  complexes 
in  app rec iab le  co n cen tra tio n . S im ila r s tu d ie s  w ith  g ly ce ro l 
show the presence of one complex a t  h igh  pH; the equ ilib rium  constan t 
fo r  i t s  form ation was measured a t  1*0°C.
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PART 1.
MEASUREMENT' OP THE PIRST AND SECOND IONISATION CONSTANTS 
OP ORTHO-PERIODIC ACID AND THE STRUCTURE OP 
PERIODATE IN SOLUTION
- 1-
P a r t I
Measurement of the  f i r s t  and second apparent io n is a tio n  co n s tan ts  of 
o r th o -p e rio d ic  ac id  and the s tru c tu re  of -periodate in  so lu tio n  *
(a) Previous work
( i )  In tro d u c tio n
The normal form of p e rio d ic  ac id , H^IO^, i s  well-known both
in  the s o lid  s ta te  and in  so lu tio n  ( i t  w ill  be re fe r re d  to  in  th is  work as
1
o rth o -p e rio d ic  a c id ) .  However, HIO. and II.1 0  , known as te tro x o io d ic (V Il)4 4 2 y
ac id  and nonoxodiodic(V Il) ac id  re sp e c tiv e ly , have been prepared  by dehydration.
of s o lid  I-I_I0r . Various forms of p e rio d a te  anions are  well-known in  the o o
s o lid  s ta te  e .g . Ha^H^IOg, NalO^, Ag^I0,_, Li^IOg. Also dim eric p e rio d a te s
are known such as K^I^O^, Ag^I^O^ and K^H^I^O^q.SH^O.
The s tru c tu re s  of various s o lid  p e rio d a tes  have been determ ined
2
by X-ray an a ly s is  and in f ra - re d  spectroscopy. The s tru c tu re s  of Ag^H^IOg
H I^Og ,^ Ag^I^Ogt •^4^2^2^10*^2^^ an<^  have been determined
*
by X-ray a n a ly s is . For AgoH-IO .^ and (HEL )j3,_I0,- i t  was shoira. th a t  the2 p b 4 2 p b
8p erio d a te  anion i s  o c tah ed ra l. For Ag^H^IOg th is  was confirmed by neutron  
d i f f r a c t io n .  I t  was shown th a t  the p e rio d a te  ani,on of K^H^I^O^q.SH^O 
c o n s is ts  of two octahedra which have one edge in  common thus forming an 
1^0^ r i n g . . For HalO^ K irk p a trick  and Dickinson showed the  presence of a 
te tra h e d ra l  p e rio d a te  anion although a s l ig h t  d ev ia tio n  from th i s  symmetry
"7
was d e tec ted . This was confirmed by Haglewood.
*
The struc im re  o f H I O ,  has been shown to .b e  o c tah ed ra l by X-ray 
analys i s 7 U ; and n iu tro n  d i f f r a c t io n .  7 W
- 2-
S ie b e r t^ * ^  c a rr ie d  out ex tensive  in f ra - re d  s tu d ie s  on H_I0,- and
11 D
so lid  p e rio d a te s ; he a lso  obtained the Raman Spectrum of Hj_I0g and NalO^
in  so lu tio n . He c la s s i f ie d  the  v ario u s  p e rio d a te s  according to  the
p o s itio n  of th e  I  -  0 s tre tc h in g  v ib ra tio n  and whether an I  -  OH bending
v ib ra tio n  occurs. This enabled s tru c tu re s  to  be assigned  to  the  p e rio d a te
an ions. He confirmed th a t  the s tru c tu re  of the p e rio d a te  io n  in  the s a l t s
Ha^H^IOg, Na^hjIOg, Li^H^IOg and (HH^H^IOg i s  o c tah ed ra l. He confirmed
a lso , th a t  the s tru c tu re  of the ac id  i s  o c tah ed ra l. He confirmed
th a t  the s tru c tu re  of the p e rio d a te  ion  in  th e  s a l t s  MIO^, where M i s  an
a lk a l i  m etal, i s  te tra h e d ra l .  For NalO^, he showed th a t  a s l ig h t  d ev ia tio n
from te tra h e d ra l  symmetry occurs, in  agreement w ith  the X-ray work. The
12s a l t  K^HglgO^QoSHpO was o r ig in a l ly  considered to  be K^I^O^.SH^O, but from
h is  in f ra - re d  s tu d ie s , S ieb e rt proposed the  formula K^HIOj-^H^O because an
I  -  OH bending v ib ra tio n  was d e tec ted . However, as mentioned above,
S ieb e rt and Wedermeyer l a t e r  showed by X-ray a n a ly s is , th a t  the  c o rre c t
formula i s  K^PI^I^O^q.SK^O. The corresponding sodium and lith iu m  s a l t s
are  a lso  known, S ieb e rt suggested a b ridge s tru c tu re  fo r  anhydrous K .IoD-04 r- y
There i s  c o n f l ic tin g  evidence regard ing  the  n a tu re  of p e rio d a te  anions
13in  so lu tio n . S ieb e rt and Chantry and Plane s tu d ied  the  Raman Spectrum
of HalO. in  so lu tio n  and concluded th a t  the  mono-anion i s  p resen t as I  Ch.
4 14 4
Crouthamel e t .  a l .  s tu d ied  the u l t r a - v io le t  spectrum of NalO. in  so lu tio n
also  concluded th a t  the mono-anion i s  p re sen t as I0~ although a s l ig h t4
15,3.6,17
hydra tion  to  H^IO^ was p o s tu la te d , Symons e t ,  a l , fo r  v ario u s
reasons d iscussed  l a t e r ,  suggested th a t  th e  mono-anion in  so lu tio n  i s
p resen t as predom inantly. Crouthamel e t .  a l .  suggested th a t  th e
s tru c tu re  of the d i-an io n  in  so lu tio n  i s  H_ICh whereas Souchay and 
18 3 6 
Hessaby concluded th a t  HIO^ i s  equally  p robab le . However, the  ex is ten ce
of dim eric s o lid  p e rio d a te s  makes i t  worthwhile co n sid e rin g  whether such
species are  p resen t in  so lu tion*
The values of the  io n is a tio n  c o n s ta n ts , measured by various
w orkers, show considerab le  v a r ia t io n .
The purpose of the p re sen t work was to  make f re sh  measurements of
the io n is a t io n  co n stan ts  of p e rio d ic  ac id  and to  e s ta b lis h  th e  s tru c tu re s  of
the various p e rio d a te  sp ec ies  in  so lu tio n ,
( i i )  Io n is a tio n  and hydration  e q u i l ib r ia  
19, 20
E arly  workers e s ta b lish e d  the f i r s t  io n is a t io n  co n stan t as
2 .3  x lC f mole 1~ a t  25.0 G and showed th a t  a second io n is a t io n  occurs.
21Ivanova and Neiman , u s in g  a p o ten tio m etric  method, ob tained  values fo r  the
f i r s t  and second io n is a tio n  co nstan ts  a t  v a rio u s  tem peratures; they made
pH measurements on v arious p e rio d a te  b u f fe r s .  The r e s u l t s  were ex trap o la ted
14to  zero io n ic  s tre n g th . Crouthamel, Hayes.and M artin s tu d ied  the u l t r a ­
v io le t  sp e c tra  of p e rio d a te  so lu tio n s  and observed the e f f e c t  o f changing 
the  pH and tem peratu re. I t  was found th a t  in  n e u tra l  s o lu tio n s , an in te n se  
abso rp tion  occurred a t  222,5 mji which was tem perature dependent, This
- 4 -
abso rp tion  was a t t r ib u te d  to  10^ and the  change in  u l t r a - v io le t  spectrum 
w ith tem perature was a sso c ia ted  w ith  a hyd ra tion  -  dehydration reaction*,
The f i r s t  io n is a tio n  co n stan t and (see below) were measured by 
spectrophotom etric methods whereas the  second io n is a tio n  co n stan t was 
measured by po ten tio m etric  t i t r a t i o n .  These co n stan ts  were measured in  th e  
tem perature range 0 -  70°C. Crouthamel e t .  a l .  p o s tu la ted  the fo llow ing 
e q u i l ib r ia  of p e rio d a te  spec ies  in  so lu tio n
v ° 6  r *  v ° e  +H+
2
H.IOT ELIO" + H+4 6 g 3 6
H4I06 r 4 I04 +2H2°-
-  3 = +
V ° 6  ^  H2I06 + H
Because of the  h yd ra tion  of the  I0~ io n , the  measured io n is a t io n
co n stan ts  a re  d if f e re n t  from the tru e  io n is a t io n  co n stan ts  K!^  and K^.
They a re  c a lle d  the apparent io n is a tio n  co n stan ts  and are  defined  as follow s; 
“  [ P e r - l i y ]  . -  [H3I0g][H+]
1 [h5I06] 2 [P er- ]
[P er- ] = [IO- ] + [H4I0- ]
and are  r e la te d  to  and by the fo liow ing  equations 
£ , = K, (1 + O  K. = — S .1 1 1) C. ( - -r \(1 + kd)
A ta b le  which summarises the  values of the apparent io n is a tio n
- 5-
co n stan ts  obtained  by v ario u s  workers i s  given below.
Temperature °C 0 10 20 25 50 40 45
-1Equilibrium  co n stan ts  m  mole 1.
19Rothmund
and x KT 23
Drucker
Rae20 x 105 23
*  21
IvandvaK^ x 10^ — 5.89 6.17 -  6.31 6.07 -
and q
Reiman K2 x 10y -  9 .77 9.77 -  9.55 9.12
* 14_
Crouthamel ICjXlO 40.0  23
e t . a l
K2 x 109 40.0 4 .4  2.2
8 40 141.
*  22 
B uist ~
and x 10 40.0
Bunt on — q
IC x 10y 11.62
* A c tiv ity  co rre c tio n s  made.
I t  can be seen th a t  the  values o f and K2 obtained  show la rg e  
v a r ia t io n .  From values of a t  v arious tem peratures, ob tained  by 
Crouthamel e t .  a l . . A h fo r  th e  re a c tio n  H^IOg 10^ + ^ 2^ WaS
c a lc u la te d  and found to  be *10.9 k . c ^ . /m o le .
The fo llow ing <r?idence i s  c o n s is te n t w ith the  p o s tu la te  of 
Crouthamel e t .  a l .  th a t  th e  mono-anion undergoes a hyd ration-dehyrira tion
- 6-
re a c tio n  w ith  change of tem perature,
23
(1) Anbar and Guttmann have shown th a t  the r a te  of oxygen
18
exchange between H  ^ 0 and p e rio d a te  i s  ra p id . This was explained by
assuming the  presence of hydrated and polymeric p e rio d a te  spec ies  in  f a s t
equ ilib rium  in  so lu tio n ,
24
(2) K ustin  and Lieberman assumed th a t  the re a c tio n
10, + 2EL0 ;==* ELIO,- occurs and measured the  values of 1c, and kn by the4 2 * 7 ^ 4  6 n D
tem perature ^jump method a t  20°C and in  the pH range 3*4 -  5 ,0 , They
3 - 1  2 - 1obtained r e s u l t s  k^ = 5.6 x 10 sec . and k .^ = 1 ,9  x 10 sec which g ive
“to
a value of IL s im ila r  w#£h Crouthamel1 s .
25
( 3) Pecht and Luz s tu d ied  the  r a te  of oxygen exchange between
17
p e rio d a te  and w ater u sing  0 n u c lear magnetic resonance. They showed
17
th a t  a rap id  exchange o f 0 occurred .
( i i i )  S tru c tu re  of mono-anion in  so lu tio n
14The conclusion  o f Crouthamel e t . a l .  th a t  I07 i s  the
~  4 11
main c o n s titu e n t of n e u tra l p e rio d a te  so lu tio n s  i s  supported by S ie b e r t 
who s tu d ied  the Raman Spectrum of aqueous HalO^ so lu tio n . Five l in e s
were o b ta ined . Four o f th ese  were a t t r ib u te d  to  an io n  o f te tra h e d ra l
symmetry, I0~ $ the  o th e r, a weak l in e ,  was a t t r ib u te d  to H 10--, The 
same r e s u l t s  a re  rep o rted  by Chantry and Plane who measured th e  Raman 
S pectra of HalO^ so lu tio n s  up to pH^ 7  and in  concen tra ted  a c id . At pH-^7
- 7-
fo u r l in e s  were obtained  and were a t t r ib u te d  to  an io n  of te tra h e d ra l  
symmetry. As the  pH decreased , the  in te n s i ty  of a l l  fo u r  l in e s  decreased 
and an a d d itio n a l l in e  a t  640 om appeared. Xn co n cen tra ted  a c id  the  
l in e  a t  640 chT^ was predominant and the o th e r fo u r had alm ost disappeared* 
Although the evidence su p p o rtin g .th e  presence of I0 ” in  so lu tio n  i s
s tro n g ,. Symons e t .  a l .  have pu t forw ard evidence suggesting  th e  predominance
«  "1of I they  s ta te  a lso  th a t  the l in e  a t  636 cm , found by S ie b e r t,  i s
due to  I^IOg
15( 1 ) G -riffith s , L o tt and Symons base- determ ined the  ultra**'violet
d iffu se  re f le c ta n c e  spectrum of and ob tained  ab so rp tio n s  th a t  do no t
occur in  so lu tio n . They ob tained  an ab so rp tio n  a t  315 mjr which i s  no t
obtained  in  so lu tio n  w h ils t  the c h a r a c te r is t ic  a b so rp tio n , a t  222.5 m|i, of
m  was not found. k-
(2) The u l t r a « v io le t  spectrum of p e rio d a te  in  anhydrous iso^propanol
a .was determ ined by Klaning and Symons* I t  was found th a t  the  p o s it io n  of 
maximum ab so rp tio n  of the  spectrum ob ta ined  was d i f f e r e n t  from th a t  of 
p e rio d a te  in  w ater. This r e s u l t  i s  no t r e a d ily  exp la ined  by e i th e r  a 
so lven t s h i f t  o r by a dehydration re a c tio n  and i t  was suggested  th a t  a 
new species such as a p e rio d a te  e s te r  i s  formed. I t  was suggested th a t  
the  s tru c tu re  of th i s  e s te r  i s  (p r io )  I0~ and by analogy th e  s tru c tu re  of4- C.
the monoanion i s  Also c e r ta in  p h o to ly s is  experim ents were c a r r ie d
out which could be exp lained  in  terms of th e  form ation  of (p r io ) . io ” .
17 2
(3 ) Keen and Symons, p repared  the  tr ih y d ra te  o f sodium p e rio d a te  and
- 8-
-1 Idetermined i t s  in f r a - re d  spectrum in  the  reg ion  600 -  4000 cm . I t  was |
claimed th a t  the  sp ec tra  ob tained  had th e  ab so rp tio n  expected fo r  an ion
such as H^IOg and c lo se ly  resembled those o f Ha^H^IOg and Na^H^IOg. These 
sp ec tra  d if fe re d  from m eta-periodate  which i s  c h a ra c te r ise d  by a s in g le  
absorp tion  a t  840 cm7  ^ Keen and Symons concluded th a t  the  sodium p e rio d a te  
t r ih y d ra te  i s  KaH^IOg.H^O ra th e r  than NalO^.^H^O. A sa tu ra te d  so lu tio n
i
of sodium p e rio d a te  had a spectrum s im ila r  to  the tr ih y d ra te  and ab so rp tio n  j
i
—1 —a t  840 cm was r e la t iv e ly  weak* I t  was concluded th a t  10^ i s  not the main
c o n s titu e n t of n e u tra l aqueous p e rio d a te  so lu tio n s  bu t th a t  H^IOg o r p o ssib ly  
H,.,I0~ predom inate.
I t  should be noted th a t  Keen and Symons do no t quote experim ental
d e ta i l s  of t h e i r  in f r a - re d  work. This work i s  a lso  u n s a tis fa c to ry  s in ce
-1  ~w ater absorbs s tro n g ly  in  th e  reg io n  840 cm and any ab so rp tio n  due to  10*
could be m issed.
( iv )  S tru c tu re  of d i-an io n  in  so lu tio n
14
Crouthamel e t .  a l . suggested th a t  the  s tru c tu re  o f p e rio d a te  in  
so lu tio n s  of high pH i s  H^IOg. The reasons fo r  coming to  t h i s  conclusion  are  
as follow s
(1) Ho d ev ia tio n  from B eer’s Law was d e tec ted  in  such so lu tio n s ; th i s
would occur i f  a d im erisa tio n  re a c tio n  tak es  p la ce . However, the
-4co n cen tra tio n  of p e rio d a te  was always below 3 x 10 M when d im erisa tio n  
could be n e g lig ib le .
(2) From values o f K  ^ a t  0°C, 25°C and 45*0°C, th e  value of A h was
- 9-
c a lc u la te d  u sing  the  re a c tio n  isochore and found to he approxim ately
*-11 k .ca l/m o le . Comparing th is  w ith  the value of + 10.9 ob tained  fo r
the  dehydration re a c tio n  H^IOg =* 10“ + 2H20 i t  i s  reasonab le  to  suggest
th a t  the  d i-an io n  i s  p resen t as H^IOg”  assum ingA s of io n is a t io n  i s
n e g lig ib le . This r e s u l t  i s  u n s a tis fa c to ry  because i f  A h^_25°C an(^
A .L r _ o „  are  c a lc u la te d  sep ara te ly , values of —14.9 k .c a l ./m o le . and 25-45 C
-5 .4  k * ca l./m o le  re sp e c tiv e ly  are  ob ta ined .
18Souchay and Hessaby made s o lu b i l i ty  measurements on so lu tio n s  
of d ilith iu m  p e rio d a te  in  the  co n cen tra tio n  range .002 -  .045 M and a t  
constan t io n ic  strength#  L o g ^ [L i+] was p lo tte d  ag a in s t a fu n c tio n  of 
l ° g lo [P e r .] .  The s o lu b i l i ty  product in  th e  two cases when p e rio d a te  i s  
p resen t as H^IOg and I 20^~ i s  [L i+] 2[H^I0g] and [L i+] ^ [ l 20^“ ] re sp e c tiv e ly  
and the corresponding graphs should give s t r a ig h t  l in e s  o f slope -2  and -4# 
The r e s u l t  obtained  was a s t r a ig h t  l in e  of slope -2  hence i t  was concluded 
th a t  p e rio d a te  i s  p re sen t as HIO” o r H^IO^ in  such so lu tio n s .
This r e s u l t  i s  u n s a tis fa c to ry  because Souchay and Hessaby neg lec ted  
the  c o n tr ib u tio n  to  the  io n ic  s tre n g th  of the p e rio d a te  i t s e l f .  This would 
be considerab le  and the  io n ic  s tre n g th  was, th e re fo re , no t co n s ta n t.
(b) P resen t work -  d im erisa tio n  of the d i-a n io n  in  so lu tio n s  of high pH
( i )  Evidence fo r  th e  -presence of a dim eric p e rio d a te  io n
26
( l ;  The ox id a tio n  of p in aco l by p e rio d a te  in  n e u tra l  and ac id  
so lu tio n s  gave f i r s t  o rder k in e t ic s  w ith  re sp e c t to  each r e a c ta n t .  At 
pHIO, however, the  o rder w ith  re sp ec t to  p e rio d a te  decreased from 1 .0  to  0.6
- 10-
-5  -2as the p erio d a te  co n cen tra tio n  in creased  from 10 -  10 M; the  o rder
w ith  re sp ec t to  p in aco l was unchanged. This can he exp lained  by 
assuming th a t  the p e rio d a te  forms a dimer which does no t r e a c t  w ith  p inaccle
(2) The pK2 of p e rio d ic  ac id  was determ ined by p o ten tio m e tric  t i t r a t i o n s  
a t  0°C, 25.0°C and 45.0°C in  th e  co n cen tra tio n  range .002 M~ .05 M. A 
depression  of th e  pK^ w ith  in c reas in g  p e rio d a te  co n cen tra tio n  occurred;
th is  was most marked a t  0°C.
( 3) The u l t r a - v io le t  sp ec tra  of p e rio d a te  so lu tio n s  were determ ined
-5  -2in  the  co n cen tra tio n  range 10 M —  10 M. The c h a r a c te r is t ic  spectrum 
of Per”  a l te r e d  w ith  in c re a s in g  p e rio d a te  co n cen tra tio n . The p o s itio n  o f 
maximum ab so rp tio n  was d isp laced  to  lo n g er wavelength w ith  in c re a s in g  
p e rio d a te  co n cen tra tio n .
(4 ) The in f ra - re d  sp e c tra  o f v arious so lu tio n s  of K I  0 in  D O were
4- 4- 9 <-
taken a t  about 10°C and 80°C. The change in  sp e c tra  due to  the change in  
tem perature i s  co n s is te n t w ith  the  presence of a dimer in  s o lu tio n .
(2) ,  (3) and (4 ) a re  d iscussed  in  d e ta i l  in  sec tio n s  (V)f ( i t )  and ( i i i )
• on pages 33, 10, and 23 re sp e c tiv e ly .
( ^ )  Measurement o f th e  d im erisa tio n  co n stan t fo r  th e  re a c tio n  
2 Per= P erfp  a t  1.0°C and 25.0°C,
Method
The u l t r a - v io l e t  sp e c tra  of v ario u s  so lu tio n s  o f potassium  p e rio d a te  
in  potassium  hydroxide were measured. Prom the changes in  ab so rp tio n  a t
re a c tio n  w ith  change of tem perature,
23
(1) Anbar and Guttmann have shown th a t  the  r a te  of oxygen
18
exchange between H  ^ 0 and p e rio d a te  i s  ra p id . This was explained by
assuming the  presence of hydrated  and polymeric p e rio d a te  spec ies  in  f a s t
equ ilib rium  in  so lu tio n ,
24
(2) K ustin  and Lieberman assumed th a t  the  re a c tio n
10 + 2H20 occurs and measured the  values of k^ and k^ by the
otem perature jump method a t  20 C and in  the pH range 3.4 -  5 .0 . They
3 - 1  2 -1obtained  r e s u l t s  k^ = 5.6 x 10 sec . and k .^ = 1 .9  x 10 sec which g ive
*to
a value of s im ila r  wit h  Crouthamel*s.
25
( 3) Pecht and Luz s tu d ied  the  r a te  of oxygen exchange between
17
p erio d a te  and w ater u sing  0 n u c lear magnetic resonance. They showed
17
th a t  a rap id  exchange o f 0 occurred .
( i i i ) S tru c tu re  of mono-anion in  so lu tio n
14
The conclusion  o f Crouthamel e t . a l .  th a t  I07 i s  the
—  4 11
main c o n s titu e n t of n e u tra l  p e rio d a te  so lu tio n s  i s  supported by S ie b e r t 
who s tu d ied  the Raman Spectrum of aqueous MalO^ so lu tio n . F ive l in e s
were ob ta ined . Pour o f th ese  were a t t r ib u te d  to an io n  of te t ra h e d ra l
symmetry, I0~ |  the  o th e r , a weak l in e ,  was a t t r ib u te d  to H-ICL.. The 
same r e s u l t s  a re  rep o rted  by Chantry and Plane who measured th e  Raman 
Spectra  of HalO^ so lu tio n s  up to pH^ 7  and in  concen tra ted  a c id . At p H ^ r
fo u r l in e s  were obtained  and were a t t r ib u te d  to  an io n  of te tra h e d ra l  
symmetry. As the  pH decreased , the  in te n s i ty  of a l l  fo u r  l in e s  decreased 
and an a d d itio n a l l in e  a t  64-0 om” *^ appeared. In  co n cen tra ted  a c id  the
-I
l in e  a t  64-0 cm” was predominant and the  o th e r fo u r  had alm ost d isappeared . 
Although the  evidence su p p o rtin g .th e  presence of IO” in  so lu tio n  i s
s tro n g , Symons e t .  a l . have p u t forw ard evidence suggesting  th e  predominance;
« ”1of H^iOg j they  s ta te  a lso  th a t  the l in e  a t  636 cm , found by S ie b e r t ,  i s
due to
15(1 ) G r i f f i th s ,  L o tt and Symons hasse- determ ined the  u l t r a - v io le t
d iffu se  re f le c ta n c e  spectrum of KIO^ and obtained  ab so rp tio n s  th a t  do no t
occur in  so lu tio n . They ob tained  an ab so rp tio n  a t  315 mp which i s  no t
obtained  in  so lu tio n  w h ils t  the c h a r a c te r is t ic  ab so rp tio n , a t  222.5 m[jl5 of
10, was not found.4-
( 2) The u l t r a « v io le t  spectrum of p e rio d a te  in  anhydrous iso«propanol
„• 16was determ ined by Klaning and Symons. I t  was found th a t  the  p o s it io n  of 
maximum abso rp tio n  of the  spectrum ob ta ined  was d i f f e r e n t  from th a t  of 
p e rio d a te  in  w ater. This r e s u l t  i s  not re a d ily  exp la ined  by e i th e r  a 
so lven t s h i f t  o r by a dehydration re a c t io n  and i t  was suggested th a t  a 
new species such as a p e rio d a te  e s te r  i s  formed. I t  was suggested th a t  
the  s tru c tu re  of th i s  e s te r  i s  (.Brio), io "  and by analogy th e  s tru c tu re  of4- £
the  monoanion i s  Also c e r ta in  p h o to ly s is  experim ents were c a r r ie d
out v/hich could be exp la ined  in  terms of th e  form ation  of (P rio ) , I0~ .
17 ' 2
(3 ) Keen and Symons, p repared  the  tr ih y d ra te  o f sodium p e rio d a te  and
- 8-
—1determined i t s  in f r a - re d  spectrum in  the  reg ion  600 -  4000 cm . I t  was 
claimed th a t  the  sp ec tra  ob tained  had th e  ab so rp tio n  expected fo r  an ion  
such as H^IOg and c lo se ly  resembled those o f Na^H^IOg and Ha^H^IOg. These 
sp ec tra  d if fe re d  from m eta-periodate  which i s  c h a ra c te r is e d  by a s in g le  
absorp tion  a t  840 cm?”* Keen and Symons concluded th a t  the  sodium p e rio d a te  
tr ih y d ra te  i s  NaH^IO^.H^O ra th e r  than NalO^JH^O. a s a tu ra te d  so lu tio n
of sodium p erio d a te  had a spectrum s im ila r  to  the  tr ih y d ra te  and abso rp tio n
-1 -a t  840 cm was r e la t iv e ly  weak* I t  was concluded th a t  10^ i s  not the main
c o n s titu e n t of n e u tra l aqueous p e rio d a te  so lu tio n s  but th a t  H^IOg o r p o ss ib ly  
H^HC predom inate.
I t  should be noted th a t  Keen and Symons do no t quote experim ental
d e ta i l s  of t h e i r  in f r a - re d  work. This work i s  a lso  u n s a tis fa c to ry  s in ce
-1  -w ater absorbs s tro n g ly  in  th e  reg io n  840 cm and any ab so rp tio n  due to  10^
could be m issed.
( iv )  S tru c tu re  of d i-an io n  in  so lu tio n
14
Crouthamel e t .  a l . suggested th a t  the  s tru c tu re  o f p e rio d a te  in  
so lu tio n s  of h igh pH i s  H^IOg. The reasons fo r  coming to  t h i s  conclusion  a re  
as follow s
(1) Ho d ev ia tio n  from B ee r 's  Law was d e tec ted  in  such so lu tio n s ; th i s  
would occur i f  a d im erisa tio n  re a c tio n  tak es  p lac e . However, the 
co n cen tra tio n  of p e rio d a te  was always below 3 x 10~^ M when d im erisa tio n  
could be n e g lig ib le .
(2) Prom values o f K  ^ a t  0°C, 25°C and 45*0°C, th e  value of A e  was
- 9-
c a lc u la te d  u sing  the  re a c tio n  isochore and found to he approxim ately 
*-11 k. cal/m ole . Comparing th is  w ith  the value of + 10.9 obtained  fo r  
the dehydration re a c tio n  H^IOg ==* 10^ + 2® ^ ^  reasona^^e suggest 
th a t  the  d i-an io n  i s  p resen t as H^I0g~ assuming A h of io n is a t io n  i s  
n e g lig ib le . This r e s u l t  i s  u n s a tis fa c to ry  because and
A h oc ACon a re  c a lc u la te d  s e p a r a t e l y ,  values of -1 4 .9  k .c a l ./m o le . and
-5 .4  k«kCal./mole re sp e c tiv e ly  are  ob ta ined .
18Souchay and Hessaby made s o lu b i l i ty  measurements on so lu tio n s  
of d ilith iu m  p erio d a te  in  the  co n cen tra tio n  range .002 -  .045 M and a t  
constan t io n ic  strength*  Log-j^Li*] was p lo t te d  ag a in s t a fu n c tio n  of 
log10[ P e r .] .  The s o lu b i l i ty  product in  th e  two cases when p e rio d a te  i s  
p resen t as an(l ^ i +]^[H ^0g]  ^ r e s Pec^ ively
and the corresponding graphs should give s t r a ig h t  l in e s  of slope -2  and -4* 
The r e s u l t  obtained  was a s t r a ig h t  l in e  of slope -2  hence i t  was concluded 
th a t  p e rio d a te  i s  p re sen t as HI0~ o r HjIOg in  such so lu tio n s .
This r e s u l t  i s  u n s a tis fa c to ry  because Souchay and Hessaby n eg lec ted  
the  c o n tr ib u tio n  to  the  io n ic  s tre n g th  of the  p e rio d a te  i t s e l f .  This would 
be considerab le  and the  io n ic  s tre n g th  was, th e re fo re , no t co n s ta n t.
(b) P resen t work -  d im erisa tio n  of the d i-a n io n  in  so lu tio n s  of high pH
( i )  Evidence fo r  th e  -presence of a dim eric p e rio d a te  io n
26
( l ;  The o x id a tio n  o f p in aco l by p e rio d a te  i n  n e u tra l  and ac id  
so lu tio n s  gave f i r s t  o rder k in e t ic s  w ith  re sp e c t to  each r e a c ta n t .  At 
pHIO, however, th e  o rder w ith  re sp ec t to  p e rio d a te  decreased from 1 .0  to  0.6
- 10-
-5  -2as the p erio d a te  co n cen tra tio n  in creased  from 10 -  10 M; the  o rder
w ith  re sp e c t to  p in aco l was unchanged. This can he exp lained  by 
assuming th a t  the p e rio d a te  forms a dimer which does n o t r e a c t  w ith  p in a c c l.
(2) The pK^ of p e rio d ic  ac id  was determ ined by p o ten tio m etric  t i t r a t i o n s  
a t  0°C, 25.0°C and 45.0°C in  the  co n cen tra tio n  range .002 M- .05 M. A 
depression  of th e  pK^ w ith  in c reas in g  p e rio d a te  co n cen tra tio n  occurred;
th is  was most marked a t  0°C.
( 3) The u l t r a - v io le t  sp e c tra  of p e rio d a te  so lu tio n s  were determ ined
- 5 - 2in  th e  co n cen tra tio n  range 10 M -— 10 M* The c h a r a c te r is t ic  spectrum 
of Per-  a l te r e d  w ith  in c rea s in g  p e rio d a te  co n cen tra tio n . The p o s itio n  o f 
m axim un abso rp tion  was d isp laced  to  lo n g er wavelength w ith  in c re a s in g  
p e rio d a te  co n cen tra tio n .
(4) The in f ra - re d  sp ec tra  o f v arious so lu tio n s  of K^I^O^ in  D^ O were 
taken  a t  about 10°C and 80°C. The change in  sp e c tra  due to  the  change in  
tem perature i s  c o n s is te n t w ith  the  presence of a dimer in  so lu tio n .
(2 ) , (3) and (4 ) a re  d iscussed  in  d e ta i l  in  se c tio n s  (V), ( i i )  janfl ( i i i )
• on pages 33, 10, and 23 re sp e c tiv e ly .
( i i )  Measurement o f th e  d im erisa tio n  co n stan t fo r  th e  re a c tio n  
2 Per-  P er2”" a t  1,0°C and 25.0°C,
Method
The u l t r a - v io l e t  sp e c tra  of v ario u s  so lu tio n s  o f potassium  p e rio d a te  
in  potassium  hydroxide were measured. Prom the changes in  ab so rp tio n  a t
- 11-
't
s e le c te d  w avelengths, caused by the  in c rease  in  p e rio d a te  co n cen tra tio n , j
values of were o b ta in ed . j
The spectrum of the  d i-an io n  alone was f i r s t  determ ined by m easuring j 
the  ab so rp tio n  of so lu tio n s  o f p e rio d a te  a t  p ro g ress iv e ly  lower co n cen tra tio n s ji
in  the reg io n  2050 -  275o2. When no change of abso rp tio n  occurred w ith  j
change in  p e rio d a te  co n cen tra tio n , i t  was assumed th a t  the spectrum obtained  j.i
i j
was due to  th e  d i-an io n  a lo n e . j|
II
S pectra  o f so lu tio n s  of p e rio d a te  in  KOH were then  measured in  th e  j 
co n cen tra tio n  range 10~^ -  ICf^ M in  the reg ion  2050 -  27502. Potassium  j 
ch lo rid e  was added to  keep the  io n ic  s tre n g th  a t  .10 . Short p a th -len g th  
c e l l s  were used fo r  the  h igher co n cen tra tio n s  to keep th e  o p tic a l  d en s ity  iif ]
below 1*2; the  p a th -le n g th s  of the  c e l l s  were measured by an in f r a - r e d
in te rfe re n c e  method described  in  the  experim ental s e c t io n . Another s e r ie s  jj
I ii;o f experim ents was c a r r ie d  out in  which the  ab so rp tio n  o f so lu tio n s  in  th e  I
co n cen tra tio n  range 8-X10~^M-4 x lCf^M was measured in  the reg io n  2500 -  295C>2. i j
| I
Because th e  purpose of these  experim ents was m erely to  determ ine whether a j
;!
th ird  is o s b e s tic  p o in t i s  ob ta ined , the io n ic  s tre n g th  was no t kep t c o n s ta n t. I
i
Three is o s b e s tic  p o in ts  were ob tained  confirm ing the  presence of
two absorbing  sp ec ie s . However, o th er forms ( e .g .  hydrated) o f th ese
species  could be p re sen t and is o s b e s tic  p o in ts  would s t i l l  be o b ta in ed . i
Wavelengths were s e le c te d  where the  change in  absorption-w as th e  g r e a te s t
and th e  r e s u l t s  were c a lc u la te d  as shown below. The opoctra a rc  ahovai in  ; 
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Theory
Let [P er] = T otal p e rio d a te  co n cen tra tio n  expressed as monomer.
[P er“ ] = co n cen tra tio n  of d i-an io n  )
) a l l  forms 
[Per^ ] = co n cen tra tio n  o f dimer )
= e x tin c tio n  c o -e f f ic ie n t  of d i-an io n .
e , = e x tin c tio n  c o -e f f ic ie n t  of dimer.4
Kp =s d im erisa tio n  constan ts
D = measured o p tic a l  d en s ity
e = e x tin c tio n  c o -e f f ic ie n t  of p e rio d a te  so lu tio n  in  terms
of monomer.
Assuming B eer’s Law i s  obeyed by a l l  sp ec ie s .
D = e 2[P er“ ] +e 4[P er2~ ] . . .  . . .  . . .  . . .  . . .  ( l )
[P er] = [Per""] + 2[Per2^~] . . .  . . .  . . .  . . .  . . .  ( 2 )
K 2
From ( 1)
5  = [P er= ]2  (3)
e p ’e* 1 e4 ^F er2 ^ .......................    (4 )
[ p 5 ]  _ + [p S ]
S u b s titu tin g  fo r  [Pe r 2 3 f^om ( 2) in  (4 ) and re -a rra n g in g .
( e  -  e f  2 )
rp *1 ^ r#*n. * * •  . . .  . . .  . . .  ( 5)LPer J s   ------    . [P er J •
( V % / 0
Prom ( 2)
[Per^T] ^ [P er=] \
[P er] . f  \ v [P er ] J
r 4 n 1 r ^ e . U p e r l
Hence [P er2] = 2 \ ^ 2 “ e 4/ A * ........................................ ^
S u b s titu tin g  in  ( 3) fo r  [P er- ] and [Per^ ] from ( 5) and (6) .
K 1 ~ e) ( e2 ~ e 4 ^ • •  # * •  • • •  (*7)
D 2 ( e ~e ^ A ) 2 tper ^
Hence jl
j_/e p ~ e v 2 
e = a 2 '  1 ■ e
¥here
2
[P er]
,'■;(* 2 - e. / 2
'^2- * • «  (s)
D
Thus by p lo t t in g  e a g a in s t \  [p ^ ,]  J
a s tr a ig h t  l in e  of slope oc2 should be obtained  which makes an in te rc e p t  of
6 {2  on the  y -  a x is .  Because e 2 i s  known, can be c a lc u la te d .
4
R esults j A  -(e 2 ~e \
Graphs of e a g a in s ii [ p ^ . ] / were drawn*(see P ig s . 5^s). and e^/2 were
obtained a t  1.0°C and 2?.0°C and a summary o f the  r e s u l t s  i s  g iven 
in  Tables 1 and 2 .
18
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TABLE 1 
D im erisation  constan t a t  1.0°C
0
X(A)
V 2 kd
2050 3880 525
2075 4240 638
2100 4640 604
2250 8220 705
2275 8360 629
2300 8240 617
2325 7840 642
2350
r '
7320 592
ft_ i________
I
- — j
Mean value of = 620.
TABLE 2
D im erisation  co n stan t a t  25.0 C
X (&) V 2 *1
2075 5090 149
2100 5450 180
2250 7390 146
2275 7340 178
2300 7220 ;■ 166
; 2325 6800 201
2350 6460 191
N.B.
Mean value of = 173*
A m istake was made in  our p ap er* 1 in  the  c a lc u la tio n  of 
va lues of given a re  too h igh by a f a c to r  o f fo u r.
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( i i i )  S tru c tu re  o f the  dim eric -periodate in  so lu tio n s  of high pH
An attem pt was made to  determ ine the  s tru c tu re  of the dimer in  j;
so lu tio n  hy comparing the in f r a - re d  spectrum of s o lid  K^I^O^ w ith the
sp ec tra  of a s o lu tio n  of K^I^O^ in  D^ O a t  v arious tem peratu res. The
decrease in  d im erisa tio n  co n stan t w ith  in c reas in g  tem perature favours
the form ation of monomeric p e r io d a te . This would be shown by a decrease
in  the abso rp tion  of the  dimer and the  form ation of new peaks due to  the I
monomer. I t  was shown th a t  the  in f r a - r e d  spectrum of D^ O does no t change
appreciab ly  in  the tem perature range used. Also the pD of th e  so lu tio n  j
-2was kept high by maiding the  so lu tio n  10 M in  KOH. I
The in f r a - re d  spectrum of s o lid  K^I^O^ was taken  and a peak a t
-1 1 ^800 cm was ob ta ined , in  agreement w ith  S ie b e rts  work. Upon d is so lu tio n
*■*1 oin  D^O, a peak a t  760 cm” was ob tained  a t  13 C, Upon 3§slging the
tem perature to  77°C, the  peak a t  760 cm~^  decreased in  in te n s i ty  and two
o th ers  appeared, one a t  800 cm*” and the  o th e r a t  860 cm”* (see P ig . 9 )•
This process was re v e rs ib le .  This i s  c o n s is te n t w ith  the  presence of monomerle
and, dimeriC' p e rio d a te  sp ec ies  in  equ ilib riu m  in  a lk a lin e  so lutions* but th e
s tru c tu re  of the dimer remains u n c e r ta in . The peak a t  760 cm could be
due to  I.o£~ which has undergone a so lv en t s h i f t  or i t  could be due to the ^ y
4 -presenee of ano ther p e rio d a te  sp ec ie s . Such a spec ies  i s  D^I^O^q whose
in f ra - re d  ab so rp tio n  spectrum in  th e  s o lid  s ta te  c o n s is ts  of a broad doublet 
. -1m  the reg ion  720‘*760 cm . However, the ab so rp tio n  due to  dimer in
03
99
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so lu tio n  i s  r e la t iv e ly  sharp and c o n s is ts  of a s in g le  peak a t  760 cm *
4 -Thus the  p re sen t evidence supports as ^ j^neri c p e rio d a te  in
4 -so lu tio n  r a th e r  than D^^O^q. Regarding the  s tru c tu re  of the monomer
in  so lu tio n , i t  could be e i th e r  D„I07 o r DI0“. I t  was shown th a t  the f 3 6 5
monomer in  s o lu tio n  i s  u n lik e ly  to  be because ^ e  i n f r a - r e d
spectrum of Ra^D^IOg was taken  and the I-OD bending v ib ra tio n s  appeared
-1  -1  -1a t  925 cm and 960 cm * Thus in  order th a t  the peaks a t  800 cm and
-1 -1860 cm be due to  I-OD, a so lven t s h i f t  of some 100 cm must occur.
This i s  very u n lik e ly . Regarding DI0“ , since  no compound i s  d e f in i te ly  
known which co n ta in s  th i s  group, no conclusion  can be drawn concerning 
i t s  presence in  so lu tio n .
( iv ) .  Temperature dependence of the  u l t r a - v io le t  sp e c tra  of the 
mono-anion and the d i-a n io n  in  so lu tion* S tructure of th ese  
ions in  s o lu tio n *
The u l t r a - v io le t  spectrum of sodium p e rio d a te  in  equ ilib rium
w ater was measured in  th e  tem perature range 1.0°C -  45.0°C and in  the
o
reg io n  2000 -  2600A. R esu lts  ex ac tly  the  same as Crouthamel*s were
obtained : th e  u l t r a - v io l e t  spectrum i s  tem perature dependent and reaches
an upper l im it in g  value a t  high tem peratu res. A poor is o s b e s tic  p o in t
o
was ob tained  a t  2100 A and the p o s it io n  of maximum ab so rp tio n  i s  a t  
o
2225A. S im ila r sp e c tra  were measured in  D^ O in  the  tem perature range 
' o
-  4 C -  45 .0  C in  the  reg io n  2000 -  2600A. A s im ila r  dependence o f the
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u l t r a - v io le t  spectrum was ob ta ined , although the  change in  spectrum 
in  the  tem perature range s tu d ied  i s  le s s  than the corresp onding change 
in  w ate r. The p o s it io n  of maximum abso rp tion  remained the  same a t  22252* 
These sp e c tra  a re  shown in  F ig u re s  10 & 11 • From th ese  r e s u l t s ,  the
fo llow ing  deductions can be made:-
(1) As suggested by Crouthamel e t .  a l l ^ ,  aqueous so lu tio n s  of 
p e rio d a te  a t  pH #**5 con ta in  predom inantly I0~ ; however, some h y d ra tio n  
occurs, and the change in  u l t r a - v io le t  spectrum w ith tem perature can be 
a s so c ia ted  w ith  the h y d ra tio n  o f I0~. The sm alle r change of u l t r a ­
v io le t  spectrum in  D^O, in  the  tem perature range s tu d ied , suggests th a t  
more of the  p e rio d a te  i s  p re sen t as I0~ in  D^O.
2q
(2) Halmann and P la tz n e r  have shown th a t  fo r  charge t r a n s f e r
to  so lven t s p e c tra , upon re p la c in g  w ater by D^O, a b lue s h i f t  in  the
p o s it io n  of maximum abso rp tion  occurs. For in tra -m o lecu la r  t r a n s i t io n s  
no such Change i s  observed. Because the  p o s itio n  of maximum ab so rp tio n
remains the same in  w ater and D^ ), i t  suggests th a t  fo r  I0~, the  ab so rp tio n
i s  due to  in tra -m o le cu la r  t r a n s i t io n s  r a th e r  than charge t r a n s f e r  to 
so lv e n t.
The s tru c tu re  of the mono-anion in  s o lu tio n  was confirmed as IOT4
by comparing the in f r a - re d  spectrum of s o lid  HalO^ w ith  th a t  o f a
s o lu tio n  o f NalO^ in  D^O. The I  -  0 s tre tc h in g  frequency, which occurs 
-1a t  850 cm in  the  s o lid ,  was a lso  obtained  in  s o lu tio n . This r e s u l t
11 13i s  in  agreement w ith  the work of S ieb e rt and Chantry and Plane .
x y
10 E x tin ctio n  coe^icients NalO* \rx urdt^i- ait ycrnoqs
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Also, from i t s  in f r a - re d  spectrum , i t  was shown th a t  sodium p e rio d a te
tr ih y d ra te  has the formula NalO^.j^H^O ra th e r  than  NaH^IOgoH^O as
7suggested by Symons .
I t  was shown th a t  the  mono-anion undergoes l i t t l e  d im erisa tio n , 
i f  any, in  so lu tio n , by comparing the  u l t r a - v io le t  spectrum of a d i lu te  
NalO^ so lu tio n  w ith  th a t  of a concen tra ted  so lu tio n  (,156K ), No 
change in  spectrum was d e tec ted .
U ltra -v io le t  spectrum of NalO^ in  so lu tio n s  of high io n ic  s tre n g th ,
15I t  has been shown th a t  th e  d iffu se  re f le c ta n c e  spectrum of 
NalO^ i s  d if f e r e n t  from th e  spectrum of NalO^ in  aqueous so lu tio n .
This i s  p o ss ib ly  due to  the  s trong  in te rm o lecu la r fo rces  in  th e  so lid  
which a re  of a d ire c t io n a l  n a tu re  and which modify the u l t r a - v io le t  
spectrum ap p rec iab ly .
An attem pt was made to  in v e s t ig a te  approxim ately the  e f fe c t  of 
in te rm o lecu la r fo rc e s  on the u l t r a - v io le t  spectrum o f NalO^ by determ ining 
i t s  ab so rp tio n  in  so lu tio n s  of h igh  io n ic  s tre n g th . The u l t r a - v io le t  
spectrum of NalO^ in  s a tu ra te d  Na^SO^ so lu tio n  and in  2M NaClO^ 
so lu tio n  was determ ined a t  25*0°C in  th e  reg ion  2100 -  3400? f o r  the  
former and 2100 -  26002. fo r  th e  l a t t e r *  The sp e c tra  obtained  a re  
shown in  F ig . \2 .
I t  was found th a t  th e  spectrum of NalO^ i s  dependent, to a sm all 
e x ten t on th e  io n ic  s tre n g th  of the  s o lu tio n . In  the  reg io n  2100 -  2600'Lg
BO
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the  p o s itio n  of maximum ab so rp tio n  i s  the  same in  so lu tio n s  of high 
io n ic  s tre n g th , b u t the e x tin c tio n  c o e f f i c i e n t s  a re  le s s ;  th i s  
e f f e c t  i s  g re a te r  in  s a tu ra te d  NagSO^ than  in  2SS. NaClO^. In  the  
reg io n  2600 -  34*0 OA, the  shoulder which occurs in  w ater i s  reduced 
s l ig h t ly  and th e  spectrum in te r s e c ts  w ith  the corresponding spectrum 
in  w ater a t  th re e  points*
The change in  u l t r a - v io l e t  spectrum , in  so lu tio n s  of high 
io n ic  s tre n g th , i s  due to  th e  e f f e c t  of the  l a t t e r  on the spectrum and 
n o t i t s  e f f e c t  on the a c t iv i ty  of the water* This i s  because a decrease 
in  the  spectrum , ~in the  reg ion  2100 -  2&0q£ , was observed whereas i f  
th e  change were due to  the  change in  a c t iv i ty  of th e  w ater, an in c rease  
in  spectrum would have occurred , due to  the  in c rease  in  p ro p o rtio n  of 
Io£* Although th e  in c rease  in  io n ic  s tre n g th  in c re a se s  th e  i n t e r ­
io n ic  fo rc e s ,  i t  i s  im possible to  sim ulate the  con d itio n s  e x is t in g  in  
the  s o lid  s ta t e .  This i s  because th e re  i s  g re a te r  motion of the  ions 
in  so lu tio n  r e s u l t in g  in  le s s  d ire c t io n a l  fo rce s  than  in  the so lid*  Also 
th e  high d ie le c t r ic  co n stan t of w ater and g re a te r  d is tan ce  between the 
ions decreases the  in te r io n io  fo rc e s  r e la t iv e  to  those in  th e  s o lid .  
Furtherm ore, h yd ra tion  of the sodium io n s , a t  l e a s t  occurs in  so lu tio n ; 
th i s  does no t occur in  the s o lid  s ta te#
Regarding the sp ec tra  o b ta in ed , th e re  a re  d e f in i te ly  two bands# 
However, the change in  spectrum in  so lu tio n s  of h igh  io n ic  s tre n g th  i s
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too  sm all to  make deductions regard ing  the  e f f e c t  of in te r io n ic  forces*
Temperature dependence of the  u l t r a - v io l e t  spectrum of the  
di~anion. S tru c tu re  of the  d i°an ion  in  so lu tio n *
The u l t r a - v io le t  spectrum of th e  di=anion was determ ined in  
th e  reg ion  2100 -  2750^ in  the  tem perature range 1 ,0  -  45*0°C* I t  
was found th a t  the spectrum obtained  i s  tem perature dependent as 
shown in  F ig . 13 , the  e f f e c t  being g re a te s t  in  the reg io n  2350 -  2750^.
No 5.sosbestic p o in ts  were obtained* However, the s e n s i t iv i ty  of the  
spectrum to  tem perature suggests th a t  i t  i s  due to  charge t r a n s f e r  to  
so lv en t r a th e r  than in tra~ m olecu lar tra n s itio n s*
From co rre c ted  va lues of the second io n is a tio n  c o n s ta n t, ob tained  
in  the  next s e c tio n , a  value of &H f o r  th e  re a c tio n  P er" pere  + if* 
was c a lc u la te d  and found to  be approxim ately -3  k#cal/m ole. Considering 
th e  value of +10*9 k*cal/m ole ob tained  by Crouthamel e t .  all^* f o r  the
10^ + 2H,pO* i b i s  suggests th a t  th e  d i^anion i s  
p re sen t as  HEOj? r a th e r  than  H^IOg assuming th a t  th e '^ H  of io n is a tio n  
i s  n eg lig ib le*
(v ) Measurement of the  f i r s t  and second io n is a tio n  co n stan ts  of 
p e r io d ic  a c id .
( i )  P o te n tio n e tr io  determ ination  of the  second io n is a tio n  
co n stan t a t  Q°0, 25«0°C and 45»0°0«
The second io n is a t io n  constan t of p e rio d ic  a c id  was determ ined 
by making pH measurements on v arious p e rio d a te  b u ffe rs  in  th e  co n cen tra tio n
re a c tio n
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range • 002H ~ *05M. The b u ffe r  r a t i o ,  a t  each concentration* was 
a l te r e d  by the a d d itio n  of hydrocKLoric a c id  and th e  corresponding pH 
neasured  usin g  a g la ss  e lec tro d e  and a  calomel re fe ren ce  e le c tro d e . The 
calomel e le c tro d e  was connected to  the re a c tio n  c e l l  by means of an 
extended s a lt-b r id g e j the  use of such a sa lt« b rid g e  obviated  tem perature 
e f f e c ts  on the calomel e le c tro d e  a t  0° and 45«0°C, The p e rio d a te  and 
th e  hydroch loric  a c id  were thoroughly  mixed by passing  n itro g en  through 
th e  so lu tio n ! t h i s  a lso  excluded carbon d iox ide .
Assuming, in  the  f i r s t  p la c e , th a t  the only re a c tio n  occurring  
i s  the io n is a t io n  of the mono«anion, th e  piKg of p e rio d ic  a c id  i s  
r e la te d  to  the pH of the so lu tio n  and the b u f fe r  r a t io  by the  fo llow ing  
eq u a tio n ;
= pH -  lo g 10 fper~3 _ lo g  £ 1   (9 )
[Per“ ] f "
[Per ] s  co n cen tra tio n  of mono«anion s  [ioT] + [H io " ]*+ 1+. 6
[per~] 8 co n cen tra tio n  of d i«an ion .
8f  s  a c t i v i t y  c o e f f i c i e n t  of 8 charged io n  c a lc u la te d  by using  the 
29Davies Equation * Tims, i f  the  b u f fe r  r a t io  and the  pH are  measured, 
th e  pK^ can be c a lc u la te d . The b u f fe r  r a t io  was c a lc u la te d  from th e  
volume of a c id  re q u ired  to  o b ta in  th e  end-poin t and the  volume of a c id  
added. In  c a lc u la t in g  the pH of the  p e rio d a te  s o lu tio n , i t  was assumed 
th a t  the  l iq u id  ju n c tio n  p o te n t ia l  i s  the  same in  the  standard  buffer--as 
in  th e  p e rio d a te  and th a t  i t  i s  co n stan t during the  p o ten tio m etric  
t i t r a t i o n .  The r e s u l t s  of the  measurements a re  given in  Table 3*
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TABLE 3
Second io n is a t io n  co n stan t of p e rio d ic  a c id .
C oncentration PIC2 measured
of
p erio d a te 0 °0
'
2 5 . 0 ° 4 5 . 0 °C
• 002M 8 .0 8 8 .2 2 8 .4 3
• OBI 7 .8 9 8 .2 3 8*46
• 02M 7 .8 8 - *a
• 03M *• 8 .0 2 .
• 05M
_______ __■____________ I "  ■
7 .9 0 8 .3 0
From the r e s u l t s  i t  can be seen th a t  a depression  of the  pKg occurs 
w ith  in c re a s in g  p e rio d a te  co n cen tra tio n  and th a t  th i s  depression  i s  
g re a te s t  a t  the  low est tem perature . This shows th a t  the  simple 
io n is a t io n  as p o s tu la te d  above i s  no t the  only re a o tio n  occurring . The
depression  of the  pICg i s  c o n s is te n t w ith  the  d im erisa tio n  of the  di*»anion£ 
th e  dim er, being  a s tro n g e r a c id  than  p e r io d ic , depresses the pKg« As 
the  tem perature in c re a se s , the  d im erisa tio n  co n stan t decreases and the  
depression  of the  pIL> i s  corresponding ly  l e s s .
Because d im erisa tio n  o f th e  di«anion occu rs, the  b u ffe r  r a t io  
of the p e rio d a te  so lu tio n  as c a lc u la te d  above i s  no t c o r re c t .  The pK^
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values of the .002M p o ten tio m etric  t i t r a t i o n s  a t  0°C and 25.0°C 
were co rrec ted  by c a lc u la tin g  the  a c tu a l co n cen tra tio n  of the  d i-an io n  
and hence amending the  b u ffe r  ra tio *  The value of the d im erisa tio n  
co n stan t a t  1.0°C was determ ined by measuring the ab so rp tio n , in  the 
reg io n  2050 -  275o2, of a p e rio d a te  so lu tio n  whose io n ic  s tre n g th  was 
approxim ately the  same as the mean io n ic  s tre n g th  o f the p o ten tio m etric  
t i t r a t i o n .  The d im erisa tio n  co n stan t was c a lc u la te d  using  the  equation
EL = i  f r 2 -  64 ^ 2  ~£)  .  ................................( 7)
2 (e -  l>"r]
obtained  in  s e c tio n  b ( i i )  p . 17. The d im erisa tio n  co n stan t a t  25.0°C
was c a lc u la te d  by assuming th a t  th e  r a t io  of K^1.0°c/K^ 25.0°C
remained th e  same a t  th e  mean io n ic  s tre n g th  of the  t i t r a t i o n  as a t
-1an io n ic  s tre n g th  of .10 mole 1. The r e s u l t s  obtained  a re  summarised 
in  th e  ta b le s  4 -  6 «
TABLE 4 .
D im erisation  co n stan t a t  1.0°G.
-3P erio d a te  co n cen tra tio n  = 1.331 x 10 1 .
-1Io n ic  s tre n g th  = .0045 mole 1 .
------- ...........
k  (a) € e,' 2 4 _______
2250 5481 4959 8220 85
2275 5226 4600 8360 90
2300 4842 4238 8240 78
2325 4575 3950 7840 ! 86
: 2350 4290 3736 7320 i 80 . ... -------
Mean value  o f a t  1.0°C i s  84, from which i t s  value a t  0°C 
was c a lc u la te d  and found to  be 90.
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TABLE 5 .
C orrection  to  .002M p o ten tio m etric  t i t r a t i o n  a t  0°G.
The ta h le  g iv in g  the  c o rre c tio n s  to the  p o ten tio m etric  t i t r a t i o n s  
i s  sub-d iv ided  in to  th re e , . The f i r s t  ta b le  g ives the pK  ^ c a lc u la te d  
assuming th a t  no d im erisa tio n  o f the  d i-an io n  occurs. The o th e r two 
p a r ts  show how the  pK^ was co rrec ted  fo r  d im erisa tio n  of the d i-a n io n .
Volume of 
a c id  added 
'.......(m is .)
pH [P er ] nominal
[per*”]
I
. . .
- lo g  0 fIV f - PK2
4.01 8.34 2.267 .0 0 5 1 j *10 8.09 '
5.03 8.20 1.604 '! .0049 .10 8.10
6,04 8.05 1.169 .0047 .09 8.07  '
7.05 7.92 ; .858 .0045 .09 : 8.08
8.07 7.78 .623 * 
. _____  ___
; .0045 j .09 8 .08
End-point a t  13*10 mis*
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Volume of
ac id  added (m is;)
[P er]
!
[P er ]
T- 1 1
[Per4~]
r tti. -r i
(-V V Volume c o rre s . 
to [ P e r ^ ,
4.01 1.32 x 10“ 5M 1.10 x 10~3M 1.1  x 10“4M 9.09 7o55
5.03 1.15 x 10~5M 9.81 x lO^M 8 .7  x 10~5M 8.07 6,85
6.04 9.97 x 10“4M 8.64 x 10*"4M 6.7  x 10“5M 7.06 6.12
7.05 8.44 x 10~4M 7.44 x lO^M 5.0  x 10~5M 6;05 5.34
8.07 6.93 x 10~4M
;
6.25 x 10~ \ 3.4 x 10“5M 5.03 4.58
i m
[P er] =s nominal co n cen tra tio n  of d i-an io n  (= [P er ] + 2 [P e r* " ]) . 
[P er- ] =s a c tu a l co n cen tra tio n  of d i-a n io n .
[Per^""] = co n cen tra tio n  of dimer
=s volume o f ac id  req u ired  fo r  the  en d -po in t.
V  ^ =s volume of ac id  added.
Volume of 
ac id  
added (m is .)
pH ' [P er ] / c o r r -  
[P er J ected)
I
co rrec ted
- lo g  0f  
* f "
--  --------
PK2
co rrec ted
4 .Cl 8.34 1.882 .0056 .10 8.17
5.03 8.20 1.362 .0053 .10 8.17
6.04 8.05 1.013 .0050 .10 8.15
7.05 7.92 .756 .0047 .09 8.13
8.07 7.78 .561 .0043 .09 8.12
Mean value o f = 8 .1 5
TABLE 6 .
C orrections to  .Q02M p o ten tlo m etric  t i t r a t i o n s  a t  25.0°C. 
Kd a t  25*0°C * 23
Volume of 
ac id  
added (m is .)
pH
•
[P er ]/[P e r~ ] 
nominal
I -  lo g i<4-
4.02 8,47 2.166 .0051
oI-l• 8 .23
5.02 8.32 1.536 .0048 .10 ' 8.23
6.00 8.19 1.122 .0047 .09 - 8.23
7.05 8.03 .808 .0045 .09 8.21
8.02 !
i
7.90 .591 ,0042 .09 :
i
8.22
End-point a t  12*76 m is.
~4Q—•
Volume of 
ac id  
added (m is.)
[P er] [P er ] [Per4" ] V V1
.
Volume 
c o r re s . to  
[P er“ ]
4*02 1*30 x 10“ 3 1.23 x 10~3 3.5 x 10“5 8.74 8.26
5,02 -31.14 x 10 * 1.08 x 10“5 3 .0  x 10*“5 7,74 7,33
6.00 9*81 x 10"4 9.35 x 10~4 2 .3  x 10~5 6.76 6.44
7,05 , 8 .18  x 10-4 7.83 x 10~4 -51.7  x 10 0 5.71 5*46
8.02 6.71 z  K f 4 6.41 x 10-4 1.5 x 10“ 5 4.74 4.53
Volume of 
ac id  
added (mis)
pH [P er ] /[P er~ j 
co rrec ted
h it r -nn, . n
1
co rrec ted
~loh o f
'!
pK2 J
co rrec ted  f
— _________ i
4.02 8.47 2.060
r
.0053 .10
*
i
8.26 |
5,02 8.32 1.467 .0050 .10
1
8.25 |
t
6,00 8.19 1.073 .0048 .10 8.26
7.05 8.03 , *4 CO .0045 .09 8.23
8.02 7.90 •566 .0043 .09 8.24
Mean va lu e  of pK^ = 8*24.
I t  can be seen th a t  the io n ic  s tre n g th  of the  so lu tio n  decreases 
during the  p o ten tio m e tric  t i t r a t i o n ,  so the  d im erisa tio n  co n stan t must ......
decrease co rrespond ing ly . However, the decrease i s  in s u f f ic ie n t  to  a f f e c t
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the  c o rre c tio n . Also the  io n ic  s tre n g th  a t  each b u f fe r  ratio  was reca lcu la ted  
making allowance f o r  the  p resence of dim eric p e r io d a te . The change in  
io n ic  s tre n g th  f o r  th e  .002M p o ten tio m etric  t i t r a t i o n s  i s  in s u f f ic ie n t  
to  a f f e c t  the value of th e  d im erisa tio n  co n stan t and hence th e  c o rre c tio n .
The c o rre c tio n  to  th e  as a p p lie d  above may no t be p rec ise  
because i f  the d im erisa tio n  constan t i s  c a lc u la te d  from the  measured 
value a t  an io n ic  s tre n g th  of #10 mole 1** ,^ a r e s u l t  approxim ately 
100% d i f f e r e n t  from th e  above measured value a t  an io n ic  s tre n g th  of 
• 00A5 mole 1 i s  o b ta ined . I t  i s  u n lik e ly  th a t  the  measured d im erisa tio n  
co n stan t i s  in  e r ro r  by 100$? and the  d is p a r i ty  between the  two values 
i s  probably  due to  the  u n c e r ta in ty  in  th e  a c t iv i ty  c o e f f i c i e n t s  of 
quadruply charged ions a t  an io n ic  s tre n g th  of .10 mole*^. However, 
the co rre c tio n  to  the  pE^ i s  no t s e n s it iv e  to  change in  d im erisa tio n  
c o n s ta n t, and i f  the  l a t t e r  i s  considered  to  be in  e r ro r  to  the ex te n t 
of 50fo then the  u n c e r ta in ty  in  pE>> i s  .05 of a u n i t .
(2) D eterm ination o f th e  second io n is a t io n  co n stan t of p e rio d ic  
a c id  s p e c tro p h o to n e tr ic a lly .
Method
A so lu tio n  of NalO^ of co n cen tra tio n  approxim ately 8 x 10**^ M 
was made up in  a phosphate b u ffe r  of known b u ffe r  r a t io  and io n ic
«*' J
s tre n g th  of o05 mole 1 . '  The ab so rp tio n  was measured in  the  reg ion  
o
2500 -  2650A and e x tin c tio n  c o e f f ic ie n ts  were ca lcu la ted *  The sp ec tra
\o
<n
to
to
OOO
in
tO
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obtained  a re  shown in  F ig s , 14&15* The co n cen tra tio n  of p e rio d a te  
was kep t as low as p o ss ib le  by using  4  cm. c e l l s  thus keeping d im erisa tio n  
of th e  d i-an io n  to  a minimum* The spectrum of the mono-anion and th e  
di«anion were each measured in  th e  reg io n  2500 -* 265o£* The form er 
was obtained  by measuring th e  ab so rp tio n  spectrum of a so lu tio n  of 
NalOjj. in  equ ilib rium  w ate r, pB>*5* and th e  l a t t e r  by measuring the  
ab so rp tio n  spectrum of potassium  p e rio d a te  in  potassium  hydroxide pH ^ll*5*  
The ab so rp tio n  of p e rio d a te  in  phosphate b u f fe r  was measured f o r  two 
o th e r b u f fe r  r a t io s  and th e  pK^ determ ined! f o r  25.0°C th e  abso rp tio n  
of only one so lu tio n  was measured*
Theory
Assuming th a t  no d im erisa tio n  of th e  di«anion o ccu rs, the  pK^ of 
p e rio d ic  a c id  i s  r e la te d  to  the  pH and th e  b u f fe r  r a t io  by th e  fo llow ing  
equation. :
[JPsif] p_
pKj (per) a pH» log ---------  ” log1^   ......................................(9)
2 10[Per’ ] 10f"
[Per"] « co n cen tra tio n  of d i-an io n .
[Per55] s» co n cen tra tio n  of nono-anion*
f®"* & a c t iv i ty  c o e f f i c i e n t  of g-charged ion*
S im ila rly  f o r  orthophosphoric a c id
[HP02,=] .=
pK^phos) = pH -  log . ---------   -  log . _   (10)
10 [l^POj,. ] ° f -
[frpPO^] — co n cen tra tio n  of mono-anion*
[jHPO ]^ , a* co n cen tra tio n  o f d i«an ion .
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S u b s titu tin g  f o r  the pH in  ( lo )  and assuming th a t  the a c t iv i ty  
c o e f f i c i e n t s  of p e rio d a te  and phosphate a re  the sane a t  th i s  io n ic  
s tre n g th .
[HPOf] [Per*]„ l o g _ --------------
[1%P0£] [p e r  ]
pK2(p e r)  = pK^(phos) + lo g ^ ^  —  -  l o g ^  ^  ^  . . . (11)
[HP0“ ] [Per=]
Thus i f  pKp(phos), ■ 1 ----- and .-----------  a re  known, pKo(per) oan 1>3
[iyPO^] [Per” ]
c a lc u la te d . The b u f fe r  r a t io  of th e  p e rio d a te  was c a lc u la te d  u sing  
the  fo llow ing  e x p re s s io n :
[P er"] e -  e
1
[P er-] e 2 ° e
e„ as e x tin c tio n  c o e f f i c i e n t  of mono-anion.
1
e ^ -  e x tin c tio n  c o - e f f ic ie n t  of d i-an io n
e & e x tin c tio n  c o - e f f ic ie n t  of p e rio d a te  in  phosphate b u f fe r .
phosphate b u f fe r  i s  no t p a r t ic u la r ly  s u ita b le  f o r  the  measurement 
of the  pE>> of p e rio d ic  a c id  because i t s  plC, i s  n e a rly  one pH u n i t  le s s  
than  the  l a t t e r .  Another b u f fe r  th a t  could be used i s  5:5 diethyl** 
b a rb i tu r ic  a c id  which has a of 8 .AO a t  0°C. However, i t  absorbs 
s tro n g ly  in  th e  reg io n  2500 -  2650A and cannot be used . Two reg ions 
of th e  u l t r a - v io le t  spectrum could  be used  f o r  th e  determ ination  of the  
PK2 of p e rio d ic  a c id  and bo th  a re  unfavourable f o r  ob ta in ing  an 
accu ra te  value because th e  sep a ra tio n  between th e  spectrum of the  nono­
anion and that, of th e  d i-a n io n , in  b o th  ca se s , i s  sm all. These reg io n s
—46—
O A °a re  2100 -  250QA. and 2500 -  2650A. The l a t t e r  reg io n  was used 
because the change in  spectrum between the  mono~anion and the  di~anion 
i s  s l ig h t ly  g r e a te r ,  and because c e l l  c o rre c tio n s  f o r  the A-on. c e l l s  
a re  d i f f i c u l t  to  o b ta in  a c c u ra te ly  a t  the s h o r te r  w avelengths.
R esu lts
The va lues of the  pKg a t  1#0°C and 25#0°C obtained  by th e  
spec t r  op hot one t r i e  method a re  summarised in . Tables 7 - 1 1 .
TABLE. 7 
B uffer r a t io  k.*7Sb-
x ( 2 )
-----------------1
e l e  2 e i o K C P e r = ]  ! 
[ P e ^ ]
1  [npo^] 
[B ,F 0£ ]
PIC,
2550 1290 2053 1587 -  .2 0
H
i
CO
V
O• 8 .1 9
2575 1039 I 800 1346 -  .1 8 .6 8 1
*** 8 .1 7
26oo 850 1602 1146 -  .1 9
HCO
V
O# 8 .1 8
2625 707  j 138o 989
OCM•8 .6 8 1 8 ,1 9
2650 596 1193 836 ~ .1 7 .6 8 1
--- .. . .. ..>:« .
8 .1 6
Mean value of pK  ^ 83 8.18«
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TABLE 8 
B uffer r a t io  -  5.822.
X ( A ) € 1 e 2
- ---
e W ' " ' 1
[ P e r ] C y o ?
P K 2
2550 1290 2053
■
1578 -*22 .765 8.29
2575 1039 1800 1344 -.1 8 .765 8.25
2600 850 1602 1134 -.22 .765 8.29
2625 707 1380 966 I * ro o .765 8.27
2650 596 1193 830 -.19 *765 8.26
Mean value  of pK^ = 8,27
B uffer r a t io  = 5>768
/° \, x (a) e1 6
.. [P er ] log .J -____. . ^ 10Chfo4] PKP2 10 r nr,ni __ T 
[P er” ] [h2po- ]
d
2550 1290 2053 1601 -  .16 .761 8.23
2575 1039 1800 1361 -  .14 .761 8.21
2600 850 1602 1146 -  .19 .761 8.26
2625 707 1380 982 -  .16 .761 8.23
2650 596 1193 837 -  .19
r-f£• 8.26 1 
j,
Mean value of pKp = 8 ,2 4
pKg a t  25*0°0»
TABLE 10 
B uffer r a t io  a  9,684&»
(A) e
1
e
2
e
[Per25 1
lo g  - ------—
10[P er"]
tHPO^J
l 0g ------ i t -
0 [r^P °"]
j
2550 3A05 2458 1900 - .0 5 .986 8.23
2575 113A 2200 1614 -,0 9 .986 8.27
26oo 91A 1926 1362 - .1 0 .986 8.28
2625 751 1670 1146 —.12 .986 8.30
2650 633 1A46 973 -*1A .986 8.32
Mean value of p&> = 8*28
TABLE 11
Summaiy of pKo values ob tained  sp eo tro p h o to m etrica lly .
Temperature i 
°C
P^2 Mean pE„
1.0°C. 8.18 8.23
8.27
8.24
25.0°0 8.28 ■ 8.28
“■----------  - - ................. - - — -
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C alcu la tio n s  showed th a t  the  d im erisa tio n  o f the  d i*an ion , 
a t  th e  co n cen tra tio n  of p e rio d a te  u sed , was in s ig n if ic a n t  and th a t  
the  e f f e c t  of the  ad d itio n  of p e rio d a te  on th e  pH of th e  b u f fe r  was 
n eg lig ib le*
(3) Measurement of the f i r s t  io n is a t io n  constan t of p e rio d ic  
a c id  a t  1*0 C*
Method
Two so lu tio n s  of NalO^ were p rep ared , one in  *0200M sodium
p e rc h lo ra te  and the  o th e r in  *0200M p e rc h lo ric  a c id ,  such th a t  the
co n cen tra tio n s  of ITalO^ were id e n tic a l*  These so lu tio n s  were mixed
such th a t  v ario u s  so lu tio n s  of id e n t ic a l  to t a l  p e rio d a te  co n cen tra tio n
b u t of v a r ia b le  a c id  c o n cen tra tio n , were prepared* These so lu tio n s
were a lso  of co n s ta n t io n ic  s tre n g th  of .0200 mole I*"' The o p tic a l
d e n s ity  of each of the so lu tio n s  was determ ined in  the reg ion  
o
2180 -  230QA. usin g  1 cm* c e lls*  The o p tic a l  d e n s ity  of NalO^ of the 
same co n cen tra tio n  as  above b u t in  *0200M NaCXO, was a lso  determined*
The f i r s t  io n is a t io n  co n stan t of p e rio d ic  a c id  was determ ined g ra p h ic a lly  
as shown below*
Theory
L et =s c la s s ic a l  io n is a tio n  co n stan t
D s  o p tic a l  d en s ity  of so lu tio n
s  o p tic a l  d en s ity  of so lu tio n  of mono~anion only*
D0 ss o p tic a l  d en s ity  of so lu tio n  of H^IOg only .
-5 0 -
*5 -  *pa* P er + i f
[ P e r " ] p f ]
K, = [ ¥ o6 ] • • • ' ........................* * .......................  (12)
[Per"] = [lo“ ] + [l$IO g].
IESEJ- -  p ~ So ............................................................   ( 13)
[HjIOg] D,- D
[Per"]
S u b s titu tin g  f o r  [ h I0g] in  (12) and re -a rran g in g
. K. 1 ,
_ _ _ 1 _  +   =   (14)
[H](D-D0) Dt -D0 Dt -D
1  1 
Hence on p lo ttin g "-!  “  a g a in s t r , a  s t r a ig h t  l in e  of slopeU-j ®* D LH J
% .. - .
-J . — and in te rc e p t  ...I* ..—  i s  o b ta in ed . Hence Ej can be obtained .
D4- D1 0  1 o
The value o f Ej ob tained  in  th i s  way was converted  to  the  
thermodynamic io n is a t io n  co n stan t by use of the fo llow ing  equation;
Kj. = K0. f +f
f + and f "  a re  a c t i v i t y  c o e f f i c i e n t s  of [H*"] and [Per” ] re sp e c tiv e ly ,
29These were ob ta ined  by use of the  Davies equation  *
oix>ro
“0
ro
tn
iT3
*  e x t  0 <
o. o^ (Nf
s z
0<
ro
C'
cro
CO
a
©<
- 55 -
Result3
TABLE 12
f f i r s t  io n is a t io n  constan t of p e rio d ic  a o id  a t  1.0°C»
(A)
1
lo 3 K 0
2220 4.00
2260 4 .14
2280 4.30
2300 4 .1 4
i
^ 7 ^
Mean value o f 31 » A* 14 x 10 mole 1 o
Kj » 3.17 x 10~3 mole I * 1.
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TABLE 13
Summary of R esu lts
E stim ated  l im i ts  of accuracy shown.
Experim ental i 
Constant method ]
Temperature
* # i
0°C or 1*0°C
I
25.0°0 iit-5.0°C
EL Spectrophoto~ 
D m etry
“ 1
§20 mole 1
. .1.055... . . . ....
*=>1
170 mole 1
_ _ * .  25^
«n»
| Kj Spectrophoto« 
] m etry
I
3 .17 x  10
mols l ” 1 
t  lOfo
-
i
Kg Spectrophoto« j 5*89 x 10"^ 
metry 1 mole 1 " '
L __ ______  ______ __ .......... 1*2.5% ...........
5.25 x l o “9
mole 1 
& 25$
«9
K,g P oten tiom etry
i- -------
7 .08  x  lo"9
oole  1” '
4 15%
5.75 x lo"9 1 4.68 x  lo"9 
nole  l “ 'l j 1 
* 10^ 1 + 5$ !
—  . ......J___ " ................i
P o te n tio n e tr ic  t i t r a t i o n s  only a t  0°C*
AH f o r  re a c tio n  P er" P e r 5 + i f  = -3  k  cal/m ole i  1*5 k  cal,
P er a  «9 k cal/m ole*AH f o r  re a c tio n  2 Per 
mfrci'Tedi
T he^resu its  suggest th a t  the  s tru c tu re  of th e  dimer in
bTso lu tio n  i s  I o0 and show th a t  th e  mono^anion i s  p re sen t predom inantly 
as 10, • The u l t r a - v io l e t  ab so rp tio n  of I0~ i s  due to  in tra -n o le c u la r
H - if.
t r a n s i t io n s  and i s  only s l ig h t ly  a f fe c te d  by the io n ic  s tre n g th  of
the  so lu tion*  I t  i s  t e n ta t iv e ly  suggested th a t  the  s tru c tu re  of th e „
di»anion i s  HE0~ and th a t  i t s  u l t r a - v io l e t  ab so rp tio n  i s  due to  
5
charge t r a n s f e r  to  solvent*
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( v i)  D iscussion
There i s  some u n c e r ta in ty  in  the value of th e  d im erisa tio n  
co n stan t due to  the  d i f f i c u l ty  in  c o n tro llin g  th e  io n ic  s tre n g th .
In c a lc u la tin g  th e  d im erisa tio n  co n stan t i t  was assumed th a t  th e  io n ic  
s tre n g th  remained c o n s ta n t. However, a t  high co n cen tra tio n s  of p e r io d a te , 
th e re  was co n sid e rab le  c o n tr ib u tio n  to  the  io n ic  s tre n g th  by th e  p e rio d a te  
i t s e l f  which could  no t be n eg lec ted . Thus i t  was necessary  to  estim ate  
the  c o n tr ib u tio n  to  the io n ic  s tre n g th  by th e  p e r io d a te , and add the 
c a lc u la te d  w eight of potassium  ch lo rid e  which gave an io n ic  s tre n g th  
of . lo  mole I* ' . At 1 .0  C> th i s  e s tim ate  was reasonable (* 5$)> bu t 
a t  25*0°C i t  was accu ra te  only to  -  15$. I t  i s  d i f f i c u l t  to  estim ate  
the  consequent e r ro r  in  Another source of e r ro r  in  the r e s u l t s
a t  25o0°0 i s  due to  the  few experim ental r e s u l t s  used in  i t s  c a lc u la tio n . 
This re s u l te d  in  a la rg e  e x tra p o la tio n  to  o b ta in  e ^ /2 . I t  would be 
d i f f i c u l t  to  o b ta in  more experim ental r e s u l ts  a t  h igher con cen tra tio n  
because no c e l l  i s  a v a ila b le  whose p a th -le n g th  i s  s u f f ic ie n t ly  sh o rt.
The c a lc u la tio n s  invo lv ing  the  determ ination  of the  d im erisa tio n
co n stan t assume th a t  no 3?e r2 P re se n t. Because f o r  the  re a c tio n
Per^ Per^ + ff* i s  not known, th i s  may be in c o r re c t .  m  o rder to
determ ine whether Feig Presen *^ a s ig n if ic a n t  ex ten t a t  pH
11.l±, the  d im erisa tio n  co n stan t should be measured a t  a lower pH. Also
3“ h,ma +i t  should be no ted  th a t  the  re a c tio n  Per^ pss5 Per^ + H . invo lves a 
pro ton  t r a n s f e r  and the  p o ten tio m e tric  t i t r a t i o n s  f o r  Per" Per~ + f t
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should show an in f le c t io n  i f  th e  form er re a c tio n  occurred  to  a 
s ig n if ic a n t  e x te n t,  However, i t  i s  p o ss ib le  th a t  K2 and a re  too 
c lo se  f o r  an in f le c t io n  to  be obtained* I t  has been shown th e o r e t ic a l ly  
th a t  f o r  any two p ro to ly tio  re a c tio n s  s tu d ied  p o te n tio m e tr ic a lly , the  
two equ ilib rium  co n stan ts  must be sep ara ted  by a f a c to r  of s ix te e n  before 
an in f le c t io n  i s  ob ta ined . In  p ra c tic e  th e  sep ara tio n  must be g re a te r  
than  th is*
Although Kj and f o r  the dim eric p e rio d ic  a c id  a re  unknown, i t  
i s  p o ss ib le  to  p u t l im its  on them from the  va lues of and c e r ta in
assum ptions. The e q u i l ib r ia  between the v arious p e rio d a te  spec ies  can 
be w ritte n  as fo llo w s:
Per Per^ P er2 v . 2  ir 2
30
K
D
2Per 2Per"
Kr
Ifence   (K^) (15)
D
Kp and a re  known and an upper l im i t  f o r  can be es tim ated . At
•156m NalO^, no d im erisa tio n  of the  mono«anion was d e tec ted . Although
2-the spectrum of P er i s  unknown, i t  i s  c e r ta in  to  be d if f e r e n t  from
2
th a t  of Per%  and i t  i s  reasonable to  suggest th a t  i f  10$ of the  l a t t e r
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dim erised a t  t h i s  c o n cen tra tio n , a d e te c tab le  change in  i t s  spectrum
would have occurred . Assuming th a t  a maximum of 10$ of Per"* i s
dim erised a t  *156m, i t  fo llow s th a t  th e  d im erisa tio n  co n stan t f o r  the
„ 2 -
re a c tio n  2per sxsss&t P er i s  le s s  than  0 .4  mole 1 . ^ 2
S u b s titu tin g  in  (15)
K3 \  ^  7 ,8  x 10^  # * * • ' • • • • •  • * • ( l 6 )
Assuming th a t  the  sep a ra tio n  of and i s  s im ila r  to  th a t  of
pyrophosphoric f o r  which 10 s u b s t i tu t io n  in  ( l6 )  g ives
JS*. 8 .8  x lO*"* and 818 x 10**^  mole 1*• Thus a t  pH 11.4* a l l
hj*»th e  p e rio d a te  would be p re sen t as P®** •
The c o rre c tio n  to  th e  p o ten tio m etric  t i t r a t i o n s ,  which assumed th a t
only.per^** was p re se n t, could be in  e r ro r  due to  the  presence of
Per^"* a t  pH^9* I t  would be expected th a t  as the t i t r a t i o n  proceeded,
3—more P er ?\rould be p re se n t and the  c o rre c tio n  le s s  a c cu ra te . This 
2
may ex p la in  the  sm all decrease in  th e  co rrec ted  pKg a t  0°C as th e  
t i t r a t i o n  proceeds.
The values of the second io n is a t io n  constan t obtained  
by the  two methods a re  in  good agreement considering  the  accuracy 
of the  spectrophotom etric  method. The value of th e  f i r s t  io n is a tio n  
co n stan t i s  r a th e r  low compared w ith  th e  values ob ta ined  by o th e r 
w orkers. This could  be p a r t ly  due to  the  c a lc u la tio n  of the a c t iv i ty  
c o e f f i c i e n t s  of b o th  H+ and P er in  t h i s  method. The o th er values'”
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of the  f i r s t  io n is a t io n  co n stan t involved the  measurement of pH and 
only one a c t iv i t y  c o rre c tio n  was required*
S im ila r i t ie s  w ith  o th e r a c id s * There a re  c e r ta in  s im i la r i t ie s  between 
the  p ro p e r tie s  of p e rio d ic  a c id  and t e l l u r i c  acid* The l a t t e r ,  Te(0H)g,
has been sho?m to  be o c tahed ra l in  the  s o lid  s ta te  and in  so lu tio n  by . -
31 32 33 3kX~ray a n a ly s is  * and Raman S p ec tra , 9 T e llu r ic  a c id  i s  a much
35weaker a c id  than  p e r io d ic  having pK^  7*70 and p ]^  ll«0k* I t  re a c ts  
3 6w ith  po lyo ls g iv ing  p o ly o l- te l lu r a te  complexes which, u n lik e  the
corresponding p e rio d a te  compounds, a re  stab le*  Also th e re  i s  some
evidence th a t  the  d i-a n io n  undergoes s l ig h t  dehydration to  TeOl and
k
th a t  po lym erisa tion  of the mono-anion occurs,
Perxenate compounds a re  a lso  known b u t, in  s o lu tio n , are
u n s tab le  below pB3, The perxenate  s a l t s  of sodium and barium a re
37 38 39well-known and X -ray a n a ly s is  9 and in f ra - re d  spectroscopy have
shown th a t  the  s tru c tu re  of th e  X e O i o n  i s  approxim ately o c tah ed ra l,
6
The u l t r a - v io le t  sp ec tra  of perxenate  so lu tio n s  ¥/ere determ ined by 
k  0Appelman and Malm in  th e  pH range 7*5 -  13* The u l t r a - v io le t  spectrum 
obta ined  i s  markedly dependent on the  pH of the  s o lu tio n , and two 
is o s b e s tic  p o in ts  were ob ta ined . The change in  u l t r a - v io le t  spectrum 
was a s so c ia te d  w ith  the  fo rm ation  of the  d i-an io n  and t r i - a n io n  of the 
h y p o th e tica l perxen ic  a c id . The spectrum of the  d i-an io n  i s  s im ila r  to  
th a t  of the  d i-a n io n  of p e rio d ic  a c id  having the  p o s it io n  of maximum 
ab so rp tio n  a t  approxim ately 220 op. and a shoulder in  the  reg ion  26o~*=» 290 np4 
The pKj 9 pK^ and pX  ^ of perxen ic  a c id  were es tim ated  as approxim ately 
2, 6 and 10 r e s p e c tiv e ly .
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PART I I .
OXIDATION OP PHENYL-ETHANE-DIOL AND 
MESO-1,2-DIPHENYL ETHANE 1:2~DI0L BY PERIODATE
-6 0 -
P a r t IX O xidation of 1-Phenyl ethane d io l  (s ty ren e  g ly co l) and
meso-1 ,2 -d iphenyl ethane 1*2 d io l by p e rio d a te  ions a t  1«0°C and 25.0°C
( a ) Introduoti. on
The re a c tio n  between d io ls  and p e rio d ic  a c id  was d iscovered  by 
41 ,42 ,43 .
M alagrade. He showed th a t ,  f o r  sev e ra l d io ls ,  a q u a n tita tiv e
o x ida tion  of th e  d io l occurs and carbonyl compounds an d /o r carboxylic
ac id s  a re  formed e .g  GH?« CH2 + BtjIOg —— f  2H.GH0 + HTO* + 3H 0.
L  L :
L a te r work showed th a t  th i s  re a c tio n  w i l l  occur only i f  th e  hydroxyl
groups a re  on ad jacen t carbon atoms* The re a c tio n  i s  ra p id  and i s
c h a ra c te r is e d  by the  cleavage of the  C -  C bond. O ther workers have
shown th a t  analogous re a c tio n s  occur between o th e r compounds and p e r io d ic
45a c id . C lu tterbuck  and P eu te r showed th a t  1 ,2  d iketones and hydroxy- 
carbonyl compounds undergo such r e a c t io n s ,  e .g .
.  OH ^
S im ila rly  th e  ox ida tions of 1 ,2  an in o -a lco h o ls  were in v e s tig a te d  by
4 6 ,47 ,4 8 ,49
v arious w orkers. I t  was shown th a t  i f  the  amino group i s
prim ary or secondary, ra p id  ox ida tion  o ccu rs, e .g ,
CI^ — Cf^ — 4  2H.CHD + NHjj + ^ 0
I h  nh 115X06 
2
Ph » 0 —  GH —  Ph «— -*4 Ph.C02H + Ph.CBD.
CH? — CIU -  CHg  -* 4H.CHD + NH^,
I NH ’
OH OH
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Another type of ox idation  occurs "between p e rio d ic  a c id  and 
organic compounds no t con ta in ing  the above groupings* In  c o n tra s t  
w ith  the  re a c tio n s  a lread y  m entioned, these  a re  u s u a lly  slow and a re  
o fte n  accompanied by side  reac tio n s*  Examples of th is  type a re  the 
re a c tio n s  w ith  form aldehyde, e th y l a lc o h o l, aceta ldebyde, m esoxalic 
and o x alic  a c id s , t e r t i a r y  an in o -a lco h o ls  and diamines* Compounds 
con ta in ing  an a c tiv e  methylene group, such as n a lo n ic  a c id , a lso  r e a c t  
w ith  p e rio d ic  acid*
Mechanism of p e r io d ic  Acid ox idations
N early a l l  the q u a n tita tiv e  work regard ing  the ox ida tion  of 
organic compounds by p e rio d ic  a c id  has been c a r r ie d  out on d io ls  
co n ta in in g  a d jacen t hydroxy groups. However, the ox idations of some 
p o ly o ls  and carbohydrates by p e rio d ic  a c id  have been s tu d ied  q u a n ti ta t iv e ly
These w ill  n o t be d iscussed .
A3
Malaprade n o tic e d , in  h is  s tu d ie s  of th e  ox idation  of d io ls  
by p e r io d a te , th a t  upon adding a d io l to  a p e rio d a te  so lu tio n , pH^9> 
a ra p id  decrease in  the  pH of the  so lu tio n  occurred follow ed by a slow 
increase*  When the  re a c tio n  was allow ed to  co n tin u e , the pH rose 
above i t s  i n i t i a l  value* The ra p id  decrease in  pH was in te rp re te d  in  
terms of the fo rm ation  of an a d d itio n  compound which i s  a s tro n g e r a c id  
than  p e r io d ic . The slow in c rease  in  pH was a t t r ib u te d  to  the  form ation 
of hydroxide ions during the  re a c tio n
~  CI^ + K^HIO  ^ 2H.CHD + 0H~ + 10“ + ^ 0 .
OH OH
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Malaprade suggested, th a t  th e  form ation  of th e  a d d itio n  compound could
he th e  f i r s t  s tep  of th e  r e a c tio n , or a p ro p erty  of the  system in c id e n ta l
to  th e  main re a c tio n ,
The ox id a tio n s  of sone d io ls  by p e rio d a te  and le a d  te tra « a c e ta te  
51were compared by C riegee. He concluded th a t  these  o x ida tions proceed 
by the  same mechanism, and involve the  form ation and decom position of 
a c y c lic  in te rm ed ia te . He suggested th a t  the s tru c tu re  of the in te rm ed ia te  
f o r  ethane d io l  i s
Hughes and N evell p u t forw ard a d d itio n a l evidence supporting  
the  p o s tu la te  o f a c y c lic  in te rm ed ia te . They in v e s tig a te d  the 
ox ida tion  of glucose by p e rio d a te  in  acid., n e u tra l and a lk a lin e  so lu tions*  
They observed th a t  the r a te  of red u c tio n  of p e rio d a te , as determ ined by 
th e  l ib e r a t io n  of iod ine from potassium  io d id e , was much f a s t e r  than the  
r a te  of fo rm ation  of form ic a c id  produced during the  re a c tio n . They 
showed th a t  in  n e u tra l and a lk a lin e  s o lu tio n s , an in term ed ia te  was formed 
which l ib e r a te d  iod ine much more slovjly from n e u tra l potassium  iod ide  than 
p e rio d a te  i t s e l f .  This in te rm ed ia te  decomposed re le a s in g  form ic a c id  
which was th e re fo re  delayed in  i t s  appearance. They suggested th a t  the
Q, 0
52
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in te rm ed ia te  has a  oyolio  s tru c tu r e ,  s im ila r  to  th a t  proposed by C riegee,
53,54
p rio e  and co»workers in v e s tig a te d  the  o x id a tio n  of p in ao o l,
ethane d io l ,  c is~  and tra n s  cyolohexane 1 :2  d io l ,  and ob tained  seoond 
o rder k in e t ic s ,  They showed a lso  th a t  the r a te  i s  markedly dependent
on pH, bu t were unable to  ex p la in  th i s  s a t i s f a c to r i ly ,
55 o oDuke s tu d ie d  the ox ida tion  of ethane d io l a t  0 0 and 5*1 C a t
pH2, He obtained  f i r s t  order k in e t ic s  a t  high d io l co n cen tra tio n s ,
and suggested th a t  the  re a c tio n  between ethane d io l and p e rio d ic  a c id
co n s is ts  of a rapid reversib le  formation of an intermediate folloY/ed by
a slow decom position of the l a t t e r ,
K kCHj CH^  + In te rm ed ia te  ««*—* products
OH OH
An equation  was derived  r e la t in g  the  r a te  of the re a c tio n  to  k  and K 
defined  above, th e  co n cen tra tio n  of d io l and the con cen tra tio n  of 
p e rio d a te :
a[Per] /kK[G]
at u +k [ g]
I f  th e  d io l i s  in  s u f f ic ie n t  ex cess, then the term in  b rack e ts  i s  
co n stan t during a ru n , and the k in e t ic s  are  f i r s t  o rder, 
k '  a  KtCCG]
i +k [ g]
Where k i s  the f i r s t - o r d e r  r a te  constan t
Hence i - =  I _  + _ L _   (1 7 )
k' k kEpi]
[ Per]
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By d@temini.ng k* a t  v ario u s  d io l co n cen tra tio n s , Duke obtained  va lues 
f o r  k and K. His r e s u l t s  f o r  It a t  0°0 and 5.1°C a re  130 and 80 
r e sp e c tiv e ly . Upon rep e a tin g  th ese  experim ents a t  a s l ig h t ly  h igher 
pH, no change in  the  r a te  was d e tec ted ,
22-Duke f s r e s u l t s  we re  confirmed by B u is t and Bunton >' who 
in v e s tig a te d  the o x id a tio n  of ethane d io l  by p e rio d ic  a c id  over a wide 
range of pH and io n ic  s tre n g th  a t  0°C. I t  was shown th a t  k and It, as 
d efin ed  above, a re  markedly dependent on the pH, They a re  a lso  
a f fe c te d  by th e  io n ic  s tre n g th . Some values a re  given in  Table 14 below. 
The v a r ia t io n  of pH during the  course of a re a c tio n  was a lso  in v e s tig a te d . 
I t  was found th a t  upon adding ©thane d io l  to  a so lu tio n  of p erio d a te  
pH ~ 2 , a ra p id  decrease in  th e  pH occurred follow ed by a  slow decrease .
At pH^ 5 a rap id  decrease in  the  pH occurred f  ollowed by a slow in c re a se . 
The decrease in  pH was a t t r ib u te d  to  the form ation of a p e rio d a te  -  d io l 
in te rm ed ia te  which i s  a s tro n g er a c id  than  p e r io d ic . The subsequent 
change in  pH was a t t r ib u te d  to  th e  conversion of the p e rio d a te^ d io l 
in te rm ed ia te  to  I0 T.j
T&BLB 14
V aria tio n  of k and K of ethane d io l  w ith  pH and io n io  s tre n g th
PH 1 ~1(mole 1 ')
loH : .
{sec . )
i
K -1
(mole 1 )
0*96 0.134 20.3 17.7
1.13 0.084 24c 8 19.5
1.15 0.134 27.9 18.7
1.61 0.134 36.8 40
3.05 0.134 45 .1 141
4 .3 4 0.134 45.5 189
7.01 0.030 16.5 476
7.01 0.129 11.6 540
9.58 ! 0.130
1 !*. 1 ....
0.03
- - - - - - ..... . . .
^•2500
.................‘
From Table 14- above i t  can be seen th a t  k  in c re a se s  to  a 
maximum and then  decreases whereas K in c re a se s , w ith  in c re a s in g  pH» 
The v a r ia t io n  of k  and K w ith  pH and io n ic  s tre n g th  was exp lained  by
use of the  fo llow ing  re a c tio n  scheme 
3% .  S2
I^IOg p e r
CHg-
P er
4-
G-lycol
4*
G-lycol
4
» fe*
k
0V
/O
i s
O \
k
4*
G-lycol
If
K
V _  
=»* fnxor* * 4
k
 re p re se n te d  by G- and and K2 a re  th e  f i r s t  and
second io n is a t io n  co n stan ts  of p e rio d ic  a c id  as d efined  in  S ection  I .  
Per” and Per55 re p re se n t a l l  forms of th e  mono- and d i-an io n s of 
p e rio d ic  a c id . H^G-IO ,^ I^ G':C0^  an<i re p re se n t the  v ario u s
in te rm ed ia te  sp ec ies  which a p a r t  from th e  d i-a n io n , can e x is t  in  
hydrated o r dehydrated form s. k , k  and k  a re  th e  ra te -c o n s ta n ts
o 1 2
f o r  the  decom position of the  in te rm ed ia te  sp ec ie s .
Prom the  change of k  w ith  pH, i t  i s  ev iden t th a t  k  and k  a re
0 2
n e g lig ib le . Thus the  only sp ec ies  undergoing decom position i s  the
mono-anion of th e  in te rm e d ia te , and the  change of r a te  w ith  th e  pH was
a t t r ib u te d  to  th e  e f f e c t  of th e  l a t t e r  on the  e q u i l ib r ia  between the
v ario u s  in te rm ed ia te  sp e c ie s . S im ila rly  the e f f e c t  of io n ic  s tre n g th
on k  and K was a t t r ib u te d  to  i t s  e f f e c t  on the  e q u i l ib r ia  between the
v ario u s  p e rio d a te  and in te rm ed ia te  sp e c ie s . The change of K w ith  pH
could be p re d ic te d  q u a l i ta t iv e ly  because the  in te rm ed ia te  i s  a s tro n g e r
a c id  than p e r io d ic . Increase  in  pH favours the  spec ies  of g re a te r
a c id  s tre n g th  hence K in c re a se s .
Equations were derived  r e la t in g  k and K to  th e  various co n stan ts
given above in  th e  re a c tio n  scheme,
[T otal In te rm ed ia te ]
Now, K “
[G-] [T otal p e rio d a te ]  
and r a te  s  k [T o ta l In te rm e d ia te ] .
22B uist and Bunt on showed th a t ;
I f  a + f  ,
These equations were s im p lif ie d  by th e  e lim in a tio n  of k  and k  ,  and by
W
co n sid e rin g  r e s u l t s  in  a c e r ta in  pH range.
Thus, pH<5
1 _ 1_ + f ~ . . .    (20)
* "  \
/ k-
'  /  £ l-  J pH + lo g  J . . . . . .  (21)
Values of k ^ , % Kjf and K* were c a lc u la te d . The experim ental
r e s u l t s  a re  exp la ined  q u a n ti ta t iv e ly  by th ese  eq u a tio n s.
56
Duke and B ulgrin  in v e s tig a te d  the  o x ida tion  of sev era l d io ls  
by p e rio d ic  a c id  and concluded th a t  th e  mechanism, p o s tu la te d  above, 
occurs in  each. For p in a c o l, however, second o rd er k in e t ic s  were 
ob ta ined .
The k in e t ic s  of the  ox id a tio n  o f sev e ra l m ethyl s u b s ti tu te d  d io ls
—68—
*>7were then  determ ined by B u is t , Bunton and M iles; ' They showed th a t   ^
the  p o s tu la te  of Duke, th a t  th e  form ation of th e  in te rm ed ia te  i s  an 
equ ilib rium  re a c tio n , i s  n o t always t ru e .
They r e la te d  the  e f f e c t  of s u b s titu e n ts  on th e  r a te  and 
equ ilib riu m  c o n s ta n ts , defin ed  in  th e  re a c tio n  scheme, to  th e  p o la r  
and s te r i c  e f f e c ts  of th e  methyl groups on the  s t a b i l i t y  of the  cy c lic  
in te rm e d ia te . A summary of t h e i r  r e s u l t s  i s  given in  Table 15.
TABLE 15
Summary of r a te  and equ ilib rium  co n stan ts
D iol
.
lO ^t
1
( sec"* *)
2 /10IC 7 a 10 K** j
Ethane 4-5.7 l.k- 1 .1 1800
Propane 1:2. 120 5 .0 0.65 2800
meso Butane 2:3 182 2 ,6 0.50 373
(« ) Butane 2:3 302 3,h 0.42 8000
2Methyl propane 1:2 607 2 .6 0.28 360
\
2Methyl butane 2:3 244 1 n ,| 1 .4
1
0.19
_____ - J
940 |\
2s■............. . .....A
The e f f e c t  of methyl s u b s t i tu t io n  on was chosen because the  
d i-an io n  of th e  in te rm ed ia te  must e x is t  in  th e  hydrated form whereas 
th e  uncharged in te rm ed ia te  and i t s  mono«anion could  e x is t  in  hydrated
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or dehydrated form s. The change o f K w ith  in c re a s in g  methyl 
s u b s t i tu t io n  was exp la ined  in  term s of two e f f e c t s : -
(1 ) In c reas in g  in d u c tiv e  e f f e c t  of the  methyl groups making the  
in te rm ed ia te  more s ta b le  w ith  re sp e c t to  th e  r e a c ta n ts  by making e le c tro n s  
more a v a ila b le  a t  th e  oxygen atoms of th e  d io l .  Thus magnitude o f K 
fo llow s th e  sequence e thane< propane 1*2 < ( - )  butane 2:3*
(2 ) In c reas in g  s te r ic  e f f e c t  reducing  th e  s t a b i l i t y  of the  in t e r ­
m ediate w ith  re sp e c t to  r e a c ta n ts .  This was exp la ined  by re fe ren ce  to  
a m olecular model of the  p e r io d a te -d io l in te rm ed ia te , a  diagram of which 
i s  shown in  F ig . 18 (Two oxygen atoms a re  om itted  f o r  c l a r i t y ) .  I t  
was shown th a t  th e  five-membered r in g  must be puckered otherw ise s t r a in  
in  the  molecule would occur. The G -  C atoms a re  in  th e  p lane of th e  
paper and th e  methyl groups can occupy p o s itio n s  F , F *  H and HV I f
F an d /o r F ^w ere  occupied, no s te r i c  hindrance would occur because the  
methyl groups a re  d ire c te d  away from the  oxygen atoms of th e  in te rm e d ia te . 
However, i f  H an d /o r H/  were occupied, s te r ic  hindrance between the  
methyl groups and the  oxygen atoms P3* and /o r P would occur. Hence 
sequence of magnitude of K* (**/) butane 2 :3^oeso-butane 2 :3 ^  2-methyl 
propane-1; 2 .
I t  was more d i f f i c u l t  to  c o r re la te  th e  r a te  of decom position w ith  
in c re a s in g  methyl s u b s t i tu t io n ,  because the  s in g ly  charged in te rm ed ia te  
can e x is t  in  hydrated  and dehydrated forms* However, the  general 
in c rease  of w ith  in c re a s in g  methyl s u b s t i tu t io n  was a t t r ib u te d  to
'TO
IB T T lo ic c u la ' t '  T n o d c l  o f  ^ > e^ i< 3c la le  -  c l \o t
O e r v
Cc^f-6-on.,
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the  iy percon jugative  e f f e c t  between th e  methyl group and the  forming 
carbonyl bond*
The decrease in  a c id  s tre n g th  w ith  in c rea s in g  methyl s u b s t i tu t io n  
was a t t r ib u te d  to  the  in c re a s in g  in d u c tiv e  e f fe c t  of th e  la t te r*
I t  has been shown th a t  th e  form ation  of the in te rm ed ia te  can be
58 59
fo llow ed sp ec tro p h o to m etrica lly  and p o la ro g rap h ica lly . The
spectrophotom etric  method was used to  in v e s tig a te  the  r a te  of the
form ation  of the  in te rm ed ia te  in  the  pH range 9 11* I t  was found
th a t  th e  r a te  of form ation  of the in te rm ed ia te  i s  su b jec t to  s te r ic
.re ta rd a t io n  w ith  in c re a s in g  methyl s u b s t i tu t io n , whereas th e  r a te  of
decom position to  re a c ta n ts  i s  su b jec t to  s te r ic  acce le ra tio n *  I t  was
suggested  th a t  the  o v e ra ll  re a c tio n  in  th e  pH range 9 -  11 c o n s is ts  of
the slow form ation of mono=*ester fo llow ed by ra p id  c y c l is a tio n .
Bunton and S hiner in v e s tig a te d  the  ox ida tion  of 2-methyl
18propane—1 :2 -d io l  and p in aco l by p e rio d a te  and, by use of 0 , showed 
th a t  th e  carbon-oxygen bond of th e  d io l  i s  no t broken during the 
o x id a tio n . They concluded th a t  th e  form ation of the  in term ed ia te  
c o n s is ts  of the  a t ta c k  of an oxygen atom of the  d io l  on th e  iod ine atom 
of the  p e r io d a te .
The k in e t ic s  of the ox idation  of the  d io ls  described  h ith e r to
R G— OH 
2
R C— -OH
53 5k- 51a re  f i r s t  o rd er except a t  low Concentrations# P or p in aco l 9 9 second-
o rder k in e t ic s  and b u ffe r  c a ta ly s is  were observed# This shows th a t  the
oTiesijet',
ra te«determ in ing  s tep  i s ,  th e  form ation of the  i-tt-ternoclj*rfre . The
dependence of th e  r a te  on pH i s  d if f e r e n t  from the le s s  s u b s t i tu te d
d io ls 5 and the  second o rd e r ra te « c o n s ta n t shows two maxima, one a t  pHL
26,61
and the o th e r  a t  p ip . The in te rp re ta t io n  of tb s  v a r ia t io n  of
r a te  w ith  pH i s  no t a l to g e th e r  ce rta in #  Probably the  form ation  of 
a monoester i s  ra te^determ in ing  below pHL, and the  in crease  of r a te  
in  the range pH) -  1 i s  due to  th e  g re a te r  r e a c t iv i ty  of 107 towards 
p in ac o l. Beyond pHL c y c lis a tio n  of the monoester becomes ra te «  
determ ining, and the r a te  decreases because th e  r a te  of c y c l is a tio n  
i s  slower f o r  the  monoanion than  f o r  the u n d isso c ia te d  monoester*
The c y c lis a tio n  i s  general base c a ta ly se d , and c a ta ly s is  by a v a r ie ty  of 
carboxylate  ions was observed. The in c rease  of r a te  in  the  reg ion  
pH 7 -  9 i s  due to hydroxide ion  c a ta ly s is ,  then th e re  i s  probably 
ano ther t r a n s i t io n  to  ra te -d e te rm in in g  monoester form ation .
P resen t work -  O xidation of phenyl ethane d io l  by 
p e rio d ic  a c id  a t  1 .0°C .
This work showed th a t  the mechanism of o x id a tio n  o f phenyl ethane 
d io l  by p e rio d a te  i s  s im ila r  to  th a t  found f o r  ethane d io l and methyl
s u b s t i tu te d  ethane d io ls .  The form ation of a c y c lic  in te rm ed ia te  was
d e tec ted , and from the  e f f e c t  of pH on r a t e ,  th e  v ario u s  r a te  and 
equ ilib rium  co n stan ts  involved were determ ined. The r e s u l ts  were 
in te rp re te d  in  term s of the  in d u c tiv e  and mesomeric e f fe c ts  of the  phenyl 
group on the  periodate-^dio l in te rm e d ia te .
b ( i )  Evidence f o r  the form ation of an in te rm ed ia te  between phenyl 
ethane d io l  and p erio d a te
(1) Upon adding phenyl ethane d io l to  a p e rio d a te  so lu tio n ,
pH 9» a ra p id  decrease in  the  pH occurred follow ed by a slow in c rea se .
The change in  pH i s  s im ila r  to  th a t  of ethane d io l hence the same 
deduct!ons a re  made.
(2 ) The u l t r a - v io le t  sp ec tra  of p e rio d a te  and phenyl ethane d io l 
in  an ammonium b u ffe r  (pH 9) were determ ined in  the region  2000 -  2750.2. 
Upon adding phenyl ethane d io l to  a so lu tio n  of p e rio d a te  in  the  b u f fe r
a ra p id  change in  the spectrum occurred . The r e s u l ta n t  spectrum was 
d if f e r e n t  from th e  sum of the sp ec tra  of p e rio d a te  and phenyl ethane d io l ,  
and changed slow ly w ith  tim e. At pH 11, in  KOH, the  change in  the 
spectrum was much slow er. The ra p id  change in  the  spectrum a t  pH?,
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fo llow ed by a slower change, can be in te rp re te d  in  term s of the ra p id  
form ation  of a periodate^d lo l in te rm ed ia te  which then  slow ly decomposes. 
The slow change of spectrum a t  high pH shows th a t  the  r a te  of form ation 
of the  in te rm ed ia te  i s  slow enough to  be follow ed under th ese  conditions*
C3) The NMR spectrum of phenyl ethane d io l in  D^ O was determ ined. 
Upon adding excess p e rio d a te  to  a so lu tio n  of phenyl ethane d io l  in  
D2O, pD 12,. a profound change in  the NMR spectrum of the  l a t t e r  
occurred . This i s  c o n s is te n t w ith  the  form ation of a p e r io d a te -d io l 
in te rm ed ia te .
(*•) The in f r a - r e d  sp ec tra  of p e rio d a te  in  X® ^ 9 an<^
phenyl ethane d io l in  D2O were determ ined se p a ra te ly . Upon adding 
phenyl ethane d io l  to  p e r io d a te , a change in  the spectrum of the l a t t e r  
occurred . The r e s u l ta n t  spectrum was d if f e re n t  from the  sum of the 
sp ec tra  of p e rio d a te  and d io l .  
b ( i i )  N in e tie s  of the  re a c tio n
The k in e t ic s  of the  ox ida tion  o f phenyl ethane d io l  by p e rio d a te
ions were in v e s tig a te d  sp ec tro p h o to m etrica lly  in  th e  pH range 1-9 a t
0 —11*0 C and a t  co n s tan t io n ic  s tre n g th  of .10 mole 1 . The dependence
of the  r a te  of the re a c tio n  on pH i s  of the same form as th a t  o f ethane
d io l and o th e r d io ls  a lread y  d iscussed . Hence, the  same deductions were
made reg ard in g  the o v e ra ll  re a c tio n  scheme. I t  was assumed th a t  the
re a c tio n  between phenyl ethane d io l and p e rio d a te  ions c o n s is ts  of
ra p id  re v e rs ib le  fo rm ation  of an in te rm ed ia te  fo llow ed by i t s  slow
decom position.
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K k
Ph.CH(OH).CI%OH + P er C Ph.CBD + H.CHD + I0~ + HgO.
By using  excess d io l ,  f i r s t  o rd er ra te -c o n s ta n ts  ( k r ) w ith  re sp e c t to  
t o t a l  p e rio d a te  were obtained  over a range of d io l co n cen tra tio n s  a t  
each pH* Graphs of 1/k* a g a in s t 1/[G] were draY/n, as shown in  Figs# 19 
& 2 0 .9 and k and K were obtained  using  equation  (17)# A c o rre c tio n  
was made f o r  the  sm all decrease in  d io l co n cen tra tio n  during the reac tion#  
Values of k and K a re  given in  Table 16 below# These were used to  
c a lc u la te  the v a rio u s  r a te  and eq u ilib riu m  co n stan ts  as defined  on p#65# 
S ection  11(a)#
At pH A#5A, the absence of b u ffe r  c a ta ly s is  v e r i f ie d  th a t  th e  
in te rm ed ia te  i s  in  equ ilib rium  w ith  the  r e a c ta n ts ,  i# e .  th a t  i t s  
form ation  and i t s  breakdown to  r e a c ta n ts  a re  ra p id  compared w ith  i t s  
r a te  of decom position to  p ro d u c ts . I f  the  form ation  of the in te rm ed ia te  
7/ere ra te -d e te rm in in g  (o r p a r t ly  s o ) ,  then b u ffe r  c a ta ly s is  7/ould 
probably  occur as in  the  ox id a tio n  of pinacol#
Table 16 -  Summary of values of k and K
| PH k-10 k  4 
( se c . )
K i o \
c a lc u la te d c a lc u la te d
1.06 21 h&l 20
1*28 , 581 25 549 29
1.99 662i
93 637 9A
A.5A | 625 21k. 663 -
7.01 | 196 864 181 870.
8.10 | 21.0 2975 19.9 j 3240
9.13
!
1
j 1*A5 [5000 1.69i'
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b ( i i i )  I n te rp re ta t io n  of the v a r ia t io n  o f k and K w ith  pH and 
c a lc u la tio n  of r a te  and equ ilib rium  co n stan ts
I t  was assumed th a t  the  o v e ra ll re a c tio n  i s  the same as th a t  
found f o r  the  d io ls  described  in  Section  I l( a )*
t^IOg
+
D iol
Ei
r  ,
* Ej*
Per
+
D iol 
K*
Per“
+
D iol
H2dI0'
Kr
)k”
h- HEED1
Pi
bv
‘Ph.
Gr = CH- 0-v
Cf^ -0
The fo llow ing  assum ptions were used to  s im p lify  Equations (18) and (19) 
given in  S ec tion  I l ( a ) ,  p , 66-6,7.
( X) k0 and k^ a re  n e g lig ib le  compared w ith  kj •
(2 ) Below pH? n e u tra l  species an d /o r mono-anions are  p re sen t ' 
whereas above pH? mono^anions and /o r di~anions a re  p re se n t,
(3 ) The ap p ro p ria te  a c t iv i ty  c o e f f i c i e n t s  were ca lc u la te d  by means
29of the Davies Equation,
(4•) Crouthamelf s value f o r  Kj was used, • ... •
The value of the  second io n is a tio n  constan t of p e rio d ic  a c id , determ ined
- 79-
<=»9 op rev io u sly  in  P a r t X, was used v iz .  7*08 x 10 a t  0 C.
(5 ) C a lcu la tio n  showed th a t  a maximum of 3% o f the p e rio d a te  di«anion 
was d im erised  ( th i s  was a t  pH 9*18). The e f fe c t  of t h i s  must be 
sm all and was n eg lec ted .
C alcu la tio n  of kj and KJ
By con sid e rin g  th e  r e s u l t s  in  the pH range 1 4*54* Equation 19
is  s im p lif ie d  to  1 = 1 + (20)-T— “T— ..... . . .  0 . 0   ^ •
k k 1 k jK f
^  was p lo t te d  ag a in s t a jff** and a s tr a ig h t  l in e  was ob tained . The 
k
values of k  and K* were c a lc u la te d  by the  method of l e a s t  squares.
1 1
TABLE 17
PH
s !
[ . a +H
f a .
H+
1 (obSo)
E
^  ( c a lc .)
I .06 8 .7 1  x io “2 6 .86  x lo"^ 21.01 21.41
1.28 J 5.248 xlO  2 4.135 xlO ” 2 17*21 18.21
1.99 1 **21.023 xlO 8 .0 6 1 x 10 15.11 15.70
4.54
i «»5
| 2.884 xlO
!
2.273 xlO ~5 16.00 15.08  
. .......................... .. .
Kf as 1.97 x 10H mole 1
^ 1
k =s 6.63 x 10"*  ^ sec .1
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C alcu la tio n  of *2
By using  th e  r e s u l t s  in  the  pH range 7 - 9  equation (19) 
s im p lif ie s  to
ff * • * * • (21)pH* «s (pH + lo g
Values of k  and the  value of were s u b s ti tu te d  in  equation  (21) and
hence ELf was obtained, 
2
TABLE 18
PH
tm
! pH + lo g  f ....■MiiJwiaa « « (|
k  j
,  A v
lb  d -----
\k
3
pK'
2
7 .OX 7.32
■
2.383 t .3172. 6,94
8.10 8.41 30.57 1.4853 6.93
9.18 9*49 456.2 ] 2.6592 6.83
Mean value of pK’ = 6.90
-7  - 1Hf « 1.26 x 10 mole 1
C a lcu la tio n  of K , Kf an& K”
From th e  r e s u l t s  a t  pH 4*54* c a lc u la tio n s  showed th a t  the  
co n cen tra tio n  of un io n ised  species i s  n e g lig ib le . hence K* as K =s 274« 
The equ ilib rium  co n stan ts  between the  p e rio d ic  a c id  and the 
un io n ised  in te rm ed ia te , and between th e  di«anion of the  p e rio d ic  a c id
and the  d isun ion  of the  in te rm ed ia te , a re  defined  as fo llow s:
0 i f f i JK
[S][H5I0g]
. (22)
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[® I0 f ]
K" =  1 _    ( 23)
[&][Per=]
These a re  r e la te d  to  K* by th e  fo llow ing  equations
K*K Kf3a
K° ----- 1_ . .  .  ( 24) and K" =  —  . .  .  (25)
K* ^  \
K° = 5 .6  ana K" = 4880 mole l “
TAKES 19
Summary of r e s u l t s
10^ k 1 io 2iq 107 K° Kf Kn
phenyl ethane d io l 663 19.7 1.26 5.6 274 4880
22ethane d io l 45 .7 7 .4 1.12 10 189 1800
b( iv )  Conclusions
I t  can be seen th a t  the  value  of k,j i s  g re a te r  than  the  corresponding 
value f o r  ethane d io l .  This can be exp la ined  in  term s of the  mesomeric 
e f f e c t  between the phenyl group and th e  forming carbonyl bond. This 
would low er the energy of the  t r a n s i t io n  s ta te  and hence in crease  k^#
The in term ed ia te  i s  a lso  a s tro n g e r a c id  than  th e  corresponding 
ethane d io l  in te rm ed ia te . This can be exp lained  in  terms of the 
in d u c tiv e  e f f e c t  o f the phenyl group which would withdraw e le c tro n s  from 
th e  five-membered r in g  and thus make th e  a c id ic  p ro ton  le s s  f irm ly  he ld  
than  in  the  ethane d io l  in te rm ed ia te .
As f a r  as the  in d u c tiv e  e f f e c t  on th e  equ ilib rium  co n stan ts  K°, K*
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and K,f i s  concerned, e le c tro n  w ithdraw al i s  expected to  decrease the 
s t a b i l i t y  of the  in te rm ed ia te  compared w ith  the  r e a c ta n ts  ( c f • e f f e c t  
of methyl s u b s t i tu t io n  p . 69) .  From Table 19 K° i s  seen to  agree w ith  
t h i s  p re d ic tio n , b u t K* and IC,f a re  la r g e r  f o r  phenyl ethane d io l .  
E v id en tly  f o r  the l a t t e r  c o n s ta n ts , th e  inductive  e f f e c t  on the  a c id i ty  
i s  more im portant ; the  g re a te r  a c id  s tre n g th  of th e  phenyl ethane d io l 
complex makes the mono and di«=*anions more s ta b le  conpared w ith  the  
corresponding ethane d io l  complexes.
b (v ) . O xidation of m eso-1.2-diphenylethane 1:2 d io l by periodate. 
ions a t  25.0°C.
The k in e t ic s  of the ox id a tio n  of meso-1, 2-cLiphenylethane 1:2
d io l  by p e rio d a te  ions were in v e s tig a te d  spec tro p h o to m etrica lly  a t
-4  o -3pH 4 .5  in  an a c e ta te  b u ffe r  in  the  co n cen tra tio n  range 1 x 10 M—~2 xio  M 
in  d io l .  I t  was found th a t  second order k in e tic s  ( f i r s t  o rder w ith 
re sp e c t to  each re a c ta n t)  were obeyed over the  whole con cen tra tio n  range 
as shown in  Table 20. The e f f e c t  of b u ffe r  c a ta ly s is  was in v e s tig a te d  
in  the co n cen tra tio n  range «01M -  ,1M in  a c e ta te  b u ffe r  a t  co n stan t 
io n ic  s tre n g th . I t  was found th a t  the r a te  in c reases  w ith  in c rea s in g  
b u ffe r  co n cen tra tio n . However, i t  i s  not c le a r  from the r e s u l ts  whether 
th e  r a te  in c re a se s  in  a l in e a r  o r a n o n -lin ea r  manner w ith in c re a s in g  
b u f fe r  co n cen tra tio n  because the  r e s u l t s  are  no t very ac cu ra te . The 
change of r a t e  w ith  in c re a s in g  b u ffe r  con cen tra tio n  i s  shown in  Fig* 210 -
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The e f fe c t  of changing the  a c id i ty  on r a te  was a lso  in v e s tig a te d  
in  the  co n cen tra tio n  range ,,00114 -  1*1 M in  p e rc h lo ric  acid* I t  was 
found th a t  th e  second order ra te -c o n s ta n t in c re a se s  s l ig h t ly  to  §, 
maximum and then  decreases w ith  in c re a s in g  ac id  concentration*
R esu lts  TABLE 20
O xidation of meso-1« 2-diphenylethane 1:2 d io l in  
,05 M a c e ta te  b u ffe r
[P e r .]  = 1.79 x fO-5 H.
104 [s ] ^2  ^  ^
(mole l~^sec7^).
1.073 4.05
2*264 4.63
5.466 4.61
5.574 4.31
4.48
10.33 I 5.13
4«52 li
20*03 4*i7  ■?
4.43
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TABLE 21
R eaction between m eso-1.2-diphenyleth.ane 1s2 d io l and 
p e rio d a te  ions in  ac id  so lu tio n s .
[P er] = 1.79 x 10~5M.
C oncentration 
of ac id k2 -1 -1 (mole 1 secT )
-6  *2 .0  x 10 M 2.15
1.87
2.00
3.210 x 10 M 2.65
1.064 x 10~2j r 3.56
3.58
1*067 x 10~1M 2.19
2.24
1.112 1 1.51
1.54
------------------ -------- — ..........................  j
* ,1 I  NaCI so lu tio n  used . Hydrogen ion  con cen tra tio n
obtained  from measured value of pH.
J.
f Ion ic  s tre n g th  made up to  0.100 w ith HaClO^.
Conclusions
I f  i t  i s  assumed th a t  a p e r io d a te -d io l in te rm ed ia te  i s  formed 
between meso-1, 2-diphenylethane 1s2 d io l and p e rio d a te  io n s , the  second
-8 6 -
o rder k in e t ic s  obtained  fo r  the  o v e ra ll re a c tio n  could be explained 
in  two ways 4-
( 0  The form ation  of the in term ed ia te  i s  rap id  and r e v e rs ib le ,  
but the  equ ilib rium  constan t i s  sm all. In  th i s  case th e re  
would be no b u ffe r  c a ta ly s is .
( 2) The form ation of the in te rm ed ia te  i s  r a te  determ ing as w ith 
p in aco l (p . 72 ) .  In  th i s  case, b u ffe r  c a ta ly s is  would be 
observed.
Because b u ffe r  c a ta ly s is  was observed, the  form ation o f the 
in te rm ed ia te  must be the ra te -d e te rm in in g  s te p . The dependence of 
r a te  on b u ffe r  co n cen tra tio n  i s  probably n o n -lin e a rj th i s  can be 
exp lained  by assuming th a t  th e  o v e ra ll  r a te  i s  dependent on two re a c tio n s  
o f comparable r a te ,  one of which i s  su b jec t to  b u ffe r  c a ta ly s is ,  and th e  
o th e r uncata lysed  by b u f fe r s .  At low b u ffe r  concen tra tio n s  the r a t e -  
determ ining s tep  i s  the  ca ta ly sed  r e a c tio n . Upon in c reas in g  th e  b u ffe r  
co n cen tra tio n  the uncatalysed  re a c tio n  ev en tu a lly  becomes the  r a t e -  
determ ining s te p . Thus the  in c rease  in  r a te  becomes sm aller as the  
b u f fe r  co n cen tra tio n  i s  in c reased . A l im itin g  r a te  would be reached 
i f  th e  b u ffe r  co n cen tra tio n  could be in creased  s u f f ic ie n t ly .
The form ation of th e  in te rm ed ia te  being ra te -d e te rm in g  can be 
exp lained  by re fe ren ce  to the m olecular model (see  p . 7 0 ) , which shows 
th a t  w ith  th e  meso isom er s te r ic  hindrance must occur, between one of
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the  phenyl groups and an oxygen atom of the in te rm ed ia te . This would 
in h ib i t  the  form ation of the  in te rm ed ia te , and to g e th e r w ith  the 
in c reased  mesomeric e f f e c t ,  would a c c e le ra te  i t s  decom position r e la t iv e  
to  the  phenyl ethane d io l in te rm ed ia te . The s te r i c  e f fe c t  of the  
phenyl group on the  s t a b i l i t y  of the in te rm ed ia te  would be expected 
to  be g re a te r  than  the  corresponding e f fe c t  of the methyl group on th e  
m e th y l-su b s titu ted  in te rm ed ia te , because of i t s  g re a te r  s iz e .  For the
( i )  diphenylethane 1:2 d io l ,  the two phenyl groups are  in  f re e  p o s itio n s  
in  the in te rm e d ia te . Thus i t  would be expected th a t  the re a c tio n  
between th is  d io l and p e rio d a te  ions i s  analogous to phenyl ethane d io l .
I t  would be much more ra p id , however, due to the  g re a te r  mesomeric 
e f f e c t ,  and th e  equ ilib rium  co n stan t fo r  the form ation of the  in te rm ed ia te  
would be g re a te r  than  th a t  fo r  phenyl ethane d io l .
The e f fe c t  o f changing the  a c id ity  fo r  the re a c tio n  between 
meso-1, 2-diphenylethane 1s 2 d io l  and p e rio d a te  ions i s  s im ila r  to the  
corresponding re a c tio n  with p in aco l and the in te rp r e ta t io n  i s  presumably 
th e  same (see  p . 7 2 ) . Compared w ith  p inaco l the  in crease  of r a te  w ith 
in c re a s in g  a c id i ty  i s  very sm all. This i s  c o n s is te n t w ith the  
su p p o sitio n  th a t  the  two s tages involved in  the form ation of th e  cy c lic  
in te rm ed ia te  a re  of comparable r a te ,  as d iscussed  above.
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PART I I I .
SPECTROPHOTOMETRIC INVESTIGATION OP THE 
COMPLEXES FORMED BETWEEN CERTAIN DIOLS AND PERIODATE
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P a r t I I I .  Spectro-photometric in v e s tig a tio n  of the complexes formed 
between c e r ta in  d io ls  and p e rio d a te  ions
(a ) In tro d u c tio n
Although th e  form ation o f in te rm ed ia tes  between p e rio d a te  ions 
and c e r ta in  d io ls  i s  e s ta b lish e d , they  have not been s tu d ied  by 
spectrophotom etrie  methods. In  the  p resen t work, th e  sp ec tra  o f c e r ta in  
d io ls  and the  p e r io d a te -d io l in te rm ed ia tes  were ob ta ined . Prom the  
s p e c tra  a ttem pts were made to  draw conclusions regard ing  the  s tru c tu re s  
and conform ations of th e  d io ls  and th e  in te rm ed ia te s . The p e r io d a te -  
g ly c e ro l in te rm ed ia te  was in v e s tig a te d  by th e  same methods* The 
p o s s ib i l i ty  o f  complex form ation between p e rio d a te  and compounds no t 
co n ta in in g  ad jacen t hydroxy groups was in v e s tig a te d  by determ ining 
w hether any re a c tio n  occurs w ith  t-b u ta n o l, and w ith propane 1:3 d io l*
The MR and in f ra - re d  sp e c tra  of ethane d io l ,  propane 1:2 d io l ,  
phenyl ethane d io l  and g ly ce ro l were determ ined in  corresponding
s p e c tra  of th e  p e r io d a te -d io l in te rm ed ia tes  in  D^O, pD 12, were a lso  
determ ined. The in f r a - re d  sp e c tra  confirm  th a t  in te rm ed ia tes  a re  
formed, b u t no conclusions about th e i r  s tru c tu re  could be drawn.
Examples of th e  in f r a - re d  sp e c tra  obtained  a re  shown in  P igs*22-24.
In  o rd er to  d is t in g u is h  the  bands due to  unchanged re a c ta n ts ,  some of 
th e  sp e c tra  were obtained  using  excess d io l ,  and o th ers  were obtained  
u sin g  excess p e r io d a te .
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(b) D escrip tio n  and in te rp r e ta t io n  of the MR sp ec tra  
(*) Ethane d io l
The N.M.R. sp e c tra  of ethane d io l and of th e  ethane d io l-p e r io d a te  
in te rm ed ia te  both  c o n s is t  of a s in g le  ab so rp tio n . This shows th a t  in  
each case the  carbon pro tons a re  eq u iv a len t. The equivalence of the  
pro tons o f the  d io l  in d ic a te s  th a t  th e re  a re  sev e ra l conform ations in  
ra p id  equ ilib riu m  g iv ing  an average conform ation w ith  eq u iv a len t p ro to n s . 
Reference to  th e  m olecular model of the in te rm ed ia te  (p , 70) shows th a t  
th e  pro tons occupying th e  p o s itio n s  P and F x are  not eq u iv a len t to  
those  occupying p o s itio n s  H and Hence a r ig id  in te rm ed ia te  would 
g ive r i s e  to two ab so rp tio n s . The s in g le  abso rp tion  observed shows 
th a t  the  P pro tons and the H protons must in terchange th e i r  p o s itio n s  
ra p id ly  due to  the  o s c i l la t io n s  in  the five-membered r in g .  This r e s u l ts  
in  a l l  the pro tons being a t  the  same mean d is tan ce  from the p lane 
co n ta in in g  the  io d in e  atom and the  two oxygen atoms of the d io l .  The 
chemical s h i f t  o f the protons in  th e  in te rm ed ia te  i s  d isp laced  by 28 c /s  
towards lower f i e ld  compared w ith  ethane d io l .  This displacem ent i s  
presumably due to th e  e le c tro n  withdrawal by the iod ine  atom,
( i i )  Propane 1:2 d io l
The N.M.R. spectrum of propane 1:2 d io l  in  D^ O i s  shown in  P ig , 25o, 
and c o n s is ts  of a  doublet due to  the methyl group, a t r i p l e t  due to  the 
methylene group and an o c te t  due to  the  s in g le  p ro ton .
The appearance of a t r i p l e t  due to  the  methylene group can be 
exp la ined  by re fe ren ce  to  P ig , 26* The methylene p ro to n s , H. and
- 94-
gifc>_.25-
N.M.R. Spectrum o f propane 1:2 d io l in  Do0.
N.B. The coupling co nstan ts  J__ and J T(r ~r  Q AX* BX MeX
were obtained  from an expanded spectrum .
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form an AB q u a r te t and each l in e  i s  s p l i t  in to  doub lets  by the  s in g le  
p ro ton  H^ # Two of th e  peaks, ob ta ined  by th e  s p l i t t i n g  of (2 ) and (3 ) 
a re  co in c id en t and a t r i p l e t  re su lts#  The sep a ra tio n  of the peaks of
Two very  weak ab so rp tio n s  were ob ta ined  a t  high f i e l d  and were a t t r ib u te d  
to  the  s p l i t t i n g  of peak (A) by The coupling constan t J^g was
estim ated  as 12 ops i  2 cps# C a lcu la tio n s  of the  in te n s i t i e s  of th e  
weak ab so rp tio n s  compared w ith  the  peaks of the  t r i p l e t  served as  a 
check of J^g# At low f i e l d ,  th e  ab so rp tio n s  due to  th e  s p l i t t i n g  of ( l )  
by EL a re  obscured by the  spectrum of th e  l a t t e r .  From the  sep ara tio n
of peaks (2 ) and ( 3 ) ,  and from J^g , the  peak p o s itio n s  of and were 
es tim ated  u sin g  the  form ula
p o s itio n s  o f and Hg a re  each separa ted  from th e  m id-point of the
The in te rp r e ta t io n  of the spectrum due to  was a ided  by ca rry in g  
out experim ents in  which the  methyl group was decoupled. Under th ese  * 
c o n d itio n s , fo u r  peaks due to  were ob ta ined . ' The appearance of an 
o c te t  due to  in  the complete spectrum can be exp lained  by re fe ren ce
to  Fig# 27# From the  sep a ra tio n  of th e  peaks of the  methyl d o u b le t,
th e  t r i p l e t  enabled th e  coupling co n stan ts  and J-g .^ to  be obtained^
from th ese  v a lu e s , th e  sep ara tio n  between peaks (2 ) and (3 ) was ca lcu la ted #  I
The value of A>^g was found to  be 5*8 * 0*5 ops, and hence th e  peak
spectrum by 2.9 “ 0#3 ops.
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th e  coupling co n stan t between the  methyl group and was found to
be the  same as Th© equivalence of and s im p lif ie s  the
spectrum o f by making some of th e  absorp tions co in c id en t. Using
values of J AX* J BX and JMeX» i t  can be seen th a t  e ig h t peaks due to
would be expected i f  th e  weak abso rp tions a t  low f ie ld  a re  n eg lec ted ,
and i t  i s  assumed th a t  th e  in te n s i ty  of those  a t  high f ie ld  i s  in c reased
due to  d ep artu re  from f i r s t - o r d e r  s p l i t t in g ^  Some of the  peaks of
th e  o c te t  a re  sep ara ted  by and o th ers  by J ^ j  s im ila r ly , th ese
coupling co n s tan ts  can be obtained  from th e  sp e c tra  in  which the
methyl group was decoupled. These values confirmed J .~  and used
A a. u a
p rev io u sly .
From aad J ^ ,  i t  i s  p o ss ib le  to  sp ecu la te  about the
conform ation o f th e  d io l .  The coupling  co n s ta n t, J , v> i s  dependent
AA.
on th e  d ih ed ra l angle  (0 ) formed between th e  p lan es con ta in ing  R^-C^-C^ 
and (s im ila r ly  fo r  «Tgj)« From th e  Karplus curve, values
o f 150° and 30° were obtained  fo r  0. .^ and 133° and 40° fo r  These
AA Ha
v alu es o f 0  a re  no t very s a t is f a c to ry  because i s  not 120°j
AA JDA
we suggest, however, th a t  th e  r e s u l t s  a re  q u a l i ta t iv e ly  c o r re c t .  The
p o ss ib le  average conform ations of the  d io l a re  shown in  F ig . 28. Of the
two conform ations, I  i s  l ik e ly  to  predom inate because th e re  i s  the  p o s s ib i l i ty  
of s t e r i c  h indrance between the  methyl and hydroxyl groups in  I I .
The spectrum of the  in te rm ed ia te  (F ig . 29) i s  com plicated-^nd 
we a re  unable to  in te r p r e t  i t  as y e t .  However, the  com plexity of the  
spectrum  suggests th a t  the  pro tons o f th e  methylene group a re  no t 
eq u iv a len t as w ith  the  d io l*
- 99-
I I
F ig . 29
K.M.E. spectrum of the propane 1:2 d io l-p e r io d a te  in te rm ed ia te .
F ig . 28
P o ss ib le  conform ations of propane 
hb
1:2 d io l .
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( i i i )  Phenyl ethane d io l
The spectrum of th e  phenyl ethane d io l  c o n s is ts  of a doublet due 
to  th e  methylene group and a  s in g le  peak due to  th e  phenyl group. The
ab so rp tio n  due to  th e  s in g le  p ro ton  should be a t r i p l e t .  However, the
\
HDO peak obscures the  spectrum of the  s in g le  p ro to n , and only two peaks 
a re  observed* The appearance of two peaks due to  the  methylene group 
shows th a t  th ese  pro tons a re  e q u iv a len t. The equivalence of the 
p ro tons i s  probably  due to  ra p id  eq u ilib riu m  between sev era l conform ations 
of th e  d io l  as f o r  ethane d io l .  No deductions, reg ard in g  the  s tru c tu re  
o f the  in te rm e d ia te , can be made a t  p re se n t because i t s  spectrum i s  
com plicated and very  d if f e r e n t  from th a t  of phenyl ethane d io l a lo n e .
(iv ) G-lyoerol
The HMR sp ec tra  of g ly ce ro l and i t s  in te rm ed ia te  a re  very  
com plicated and have no t been in te rp re te d  as y e t .
(c )  t l l t r a ^ v io le t  sp ec tra
( i )  Ethane d io l
The u l t r a « v io le t  sp ec tra  of p e rio d a te  and of p e rio d a te  p lu s 
ethane d io l were determ ined in  potassium  hydroxide, pH 12 .5$ 
a t  approxim ately 2°C in  th e  reg ion  2000 •* 2500A, Over a range of d io l 
c o n ce n tra tio n s , two is o s b e s tic  p o in ts  were ob tained  (see  Fig* 30).
These sp ec tra  confirm  th a t  an in te rm ed ia te  i s  formed between ethane 
d io l  and p e rio d a te  io n s , and were of some value in  in te rp r e t in g  th e
-1 0 1 -
FIG, 30
U ltra -v io le t  sp e c tra  of ethane d io l and g ly ce ro l 
and th e i r  p e rio d a te  complexes.
C
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corresponding sp ec tra  which were ob tained  f o r  g ly ce ro l under th e  same 
conditions*
( i i )  G lycerol
The re a c tio n  between g ly ce ro l and p e rio d a te  ions has been s tu d ied
p9by a polarographio  method'* The dependence of th e  r a te  on pH i s
s im ila r  to  th a t  of the  l,2«cL iols, and th e  same deductions were made
regard ing  th e  form ation and decom position of a c y c lic  d ie s te r*  Above
pH 11, however, a steady i n f i n i t y  d iffu s io n  o u rren t was no t ob tained
a f t e r  the i n i t i a l  f a l l ;  in s te a d  a slow in c rease  in  cu rren t occurred ,
and an i n f i n i t y  value was ob ta ined  a f t e r  some time* This was exp lained
te n ta t iv e ly  in  terms of the  successive  form ation o f two complex sp ec ie s .
I t  was suggested  th a t  a c y c lic  t r i e s t e r  was formed as  w ell as th e
62  63c y c lic  d ie s te r .  O ther workers 9 * have shown th a t  p e rio d a te  t r i e s t e r s
a re  formed w ith  c e r ta in  compounds con ta in ing  a  f ix e d  o r ie n ta tio n  of 
hydroxyl groups.
In  the  p re se n t work, an a ttem pt was made to  e s ta b l is h  whether 
a p e rio d a te« g ly ce ro l t r i e s t e r  i s  formed a t  pH 12*5, by measuring
th e  u l t r a « v io le t  sp ec tra  of p e rio d a te  and o f p e rio d a te  p lus g ly ce ro l in
o 0potassium  hydroxide a t  approxim ately  2 C in  the  reg ion  2000 ~ 2500A.
A wide range o f g ly ce ro l co n cen tra tio n s  was used . Two is o s b e s tic
p o in ts  were ob ta ined  as  shown in  F ig . 30 •
Assuming th a t  a t r i e s t e r  i s  fo m e d  between p e rio d a te  ions and
g ly c e ro l,  th e  o v e ra ll  re a c tio n  can be summarised a s  fo llow s:
-1 0 3 -
G- + P er ^  C2
Where C^, C2 and C3 are  th e  mono-, d i-  and t r i e s t e r s  r e s p e c t i v e l y *
Because a lco h o ls  do not form p erio d a te  e s te r s  in  ap p rec iab le  co n cen tra tio n  
(see p * 106) ,  th e  co n cen tra tio n  of the  monoester i s  considered  to  be so 
sm all th a t  i t s  spectrum would no t be seen. I f ,  during th e  r e a c t io n , 
only  two spec ies  were p re se n t in  ap p rec iab le  c o n cen tra tio n s , is o s b e s tic  
p o in ts  would be obtained  as  f o r  ethane d io l .  The presence of more than 
two species in  appeciable co n cen tra tio n s  would no t produce is o s b e s tic  
p o in ts  except under the  sp e c ia l cond itions no ted  below. The two 
is o s b e s tic  p o in ts ,  ob tained  over th e  whole co n cen tra tio n  range , suggest 
th a t  only two spec ies  a re  p re sen t in  ap p rec iab le  co n cen tra tio n s  v iz .  
p e rio d a te  and one complex. However, i t  i s  p o ss ib le  th a t  iso sb e s tio  
p o in ts  would be o b ta in ed , even i f  more than  two spec ies  were p resen t 
in  ap p rec iab le  c o n ce n tra tio n s , i f  th e  r a t io  [C2]/[C ^] remained c o n s ta n t.
The s tru c tu re  of th e  in te rm ed ia te  i s  u n lik e ly  to  be a 1:3 d ie s te r  
because propane 1*3 d io l  does no t r e a c t  w ith  p e rio d a te  (see  p . 105) .
The most probable s tru c tu re  i s  a 1 :2  d ie s te r  as f o r  th e  1 ,2  d io ls .  Thus
the  conclusions drawn from th e  po larograph ic  work a re  not confirm ed.
The equ ilib rium  constan t fo r  the  form ation of the  in te rm ed ia te  a t  h igh
59pH has been ob tained  by an in d ir e c t  k in e t ic  method • In  th e  p re sen t 
work, th e  r e s u l t  was checked by a d i r e c t  spectrophotom etric method 
in  which th e  o p tic a l  d e n s it ie s  of so lu tio n s  of p e rio d a te  and o f '" 
p e rio d a te  p lu s  g ly ce ro l in  ammonium b u f fe r ,  p n ^ lO .5 , were measured
-1 0 4 -
o
a t  1.0°C in  th e  reg ion  2100-2550A. The o p tic a l  d en s ity  of p e rio d a te
in  the  b u f fe r  was f i r s t  measured. A s n a il  c a lc u la te d  volume of a
g ly cero l s o lu tio n  was added such th a t  an ap p rec iab le  p ro p o rtio n  of th e
p erio d a te  was converted in to  th e  in te rm e d ia te • The r a te  of form ation
of the in te rm ed ia te  i s  slow a t  t h i s  pH in  unbuffered  so lu tio n , bu t i t
i s  su b jec t to  b u f fe r  c a ta ly s is  and the  use of an ammonium b u f fe r
enabled eq u ilib riu m  to  be achieved ra p id ly  (< 10 m inutes). The
o p tic a l  d en s ity  of the  r e s u l ta n t  so lu tio n  was measured in  th e  reg ion  
o
2100«2550A. This procedure was rep ea ted  f o r  two f u r th e r  a d d itio n s  
of g ly c e ro l. Excess g ly c e ro l was then added to  th e  so lu tio n  and 
th e  o p tic a l  d e n s ity  was redeterm ined. This gave the  o p tic a l  d en s ity  
of th e  in te rm ed ia te  a lo n e . Pour cen tim etre  p a th« leng th  c e l l s  were 
used throughout to  enable low co n cen tra tio n s  of p e rio d a te  to  be used. 
Theory
The equ ilib riu m  co n stan t f o r  the  re a c tio n  G- + p e r= ^—1- C“ i s  
given by th e  fo llow ing  equation  s
[S ][P e r“ ]
Xf D. a  o p tic a l  d e n s ity  of p e rio d a te  alone.
s  o p tic a l  d en s ity  o f in te rm ed ia te  alone
D s  o p tic a l  d en s ity  of m ixture.
[Pers ]
■ K m m m h i m m M D2 -  D 
D - D .
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Hence, i f  the  i n i t i a l  con cen tra tio n  of p e rio d a te  i s  known, [C“ ] and 
[P er- ] can be c a lc u la te d  a t  each ad d itio n  of g lycero l*  Thus the 
co n cen tra tio n  of g ly ce ro l a t  equ ilib rium  can be ca lcu la ted*
R esu lts
TABLE 22
105[ g]
(o v e ra ll)
K
2*957 68,000
4.929 64,000
6*901 61,000
Mean value K = 64,000
The system atic  decrease in  K w ith in c re a s in g  g ly ce ro l con cen tra tio n  
i s  probably no t s ig n if ic a n t  because the change i s  w ith in  experim ental 
e r ro r .  The value  obtained p rev iously  i s  45*000 -  20fo. This i s  in  
reasonab le  agreement w ith  the  p re sen t value considering  the lim ite d  
accuracy of bo th  methods.
( i i i )  In v e s tig a tio n  of the  p o s s ib i l i ty  of re a c tio n  between propane 
1:5 d io l  and p e rio d a te  ions and between t~  bu tanol and 
p e rio d a te  ions
Propane 1:5 d io l . The p o s s ib i l i ty  of re a c tio n  between propane-1:5 d io l
64and p e rio d a te  ions was in v e s tig a te d  by Bose, P o ste r  and Stevens * They
- 106-
observed a change in  pH a t  pH 4-5 over a period  of 43 hours a f t e r
adding propane 1:3 d io l to  a p erio d a te  so lu tio n . They concluded th a t  a
p e r io d a te -d io l  complex i s  formed. In  the p resen t work, th e  p o ssib le  
form ation o f such a complex was in v e s tig a te d  by determ ining the u l t r a ­
v io le t  sp e c tra  o f so lu tio n s  o f p e rio d a te , and o f p e rio d a te  p lus propane 
1:3 d io l ,  in  the  reg io n  2000-2500l a t  approxim ately 2°C. This was 
c a r r ie d  out a t  pH 1, pH 5 and pH 12.5, At a co n cen tra tio n  o f .2  M d io l ,  
no evidence fo r  the  form ation of a complex was obtained a t  any pH. The 
experiment c a r r ie d  out by Bose, F o ste r and Stevens was rep ea ted .
Propane 1:3 d io l was added to  a p e rio d a te  so lu tio n , pH 5, and the  pH of
the r e s u l t in g  so lu tio n  was measured a f t e r  24 hours, Ho change in  pH 
occurred . We conclude th a t  no complex i s  formed between propane 1:3 
d io l and p e rio d a te  io n s . I t  i s  p o ss ib le  th a t  the  propane 1:3 d io l 
th a t  Bose, F o s te r  and Stevens used was impure and contained some 1:2 
d io l .
t -b u ta n o l . The p o s s ib i l i ty  of th e  form ation of a complex between 
t-b u ta n o l and p e rio d a te  ions was in v e s tig a te d  sp ec tro p h o to m etrica lly .
This compound was used because the th re e  methyl groups would favour 
the  form ation of a complex by making e le c tro n s  a v a ila b le  a t  th e  oxygen 
atom ( c f .  1 ,2  d io ls  p .69 )• The t-b u ta n o l was added to  p e rio d a te  ions 
and the  u l t r a - v io l e t  spectrum of the r e s u l t in g  so lu tio n  was taken a t  
approxim ately 2°C in  the  reg ion  2000-25001. This was c a r r ie d  out a t  pH 1, 
pH 5 and pH 12 .5 , Ho change in  the spectrum of the p erio d a te 'w as 
observed a t  any pH upon adding *1 M t-b u ta n o l, and i t  was concluded th a t  
no complex i s  formed.
-1 0 7 -
PART IV. 
EXPERIMENTAL SECTION
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P a rt IV. Experim ental se c tio n
(a) P rep a ra tio n  and p u r if ic a t io n  of chem icals
( i )  P e rio d a te s  
Sodium p e rio d a te  (NalO^)
Commercial sodium p e rio d a te  was r e c ry s ta l l i s e d  tw ice from d i lu te  
p e rc h lo ric  ac id  ( .3  m is, lOfo ac id  in  about 90 m is. w a te r). The product 
c r y s ta l l i s in g  out above 14°C i s  the anhydrous s a l t .  I t  was d rie d  in  a 
d e s ic c a to r  and then in  an oven a t  100 -  110°C. The 3^10^.33^0, which 
was a lso  p repared , i s  p re c ip i ta te d  from the  f i l t r a t e  upon cooling  the 
l a t t e r  below 14°C. The product was a i r -d r ie d .
Potassium  p e rio d a te  (K^H^I^0^qO8H2Q)
Commercial potassium  p erio d a te  (KIO^) was tre a te d  w ith an 
eq u iv a len t amount of hot potassium  hydroxide (70°C). The product was 
r e c r y s ta l l i s e d  from hot w ater (70°c) and a ir -d r ie d .
Potassium  p e r io d a te (K^I^O^)
Some of th e  potassium  p erio d a te  prepared above was heated  in  an 
oven a t  110°C fo r  a day. The product was kept in  a d e s ic c a to r .
The p e rio d a te s  were analysed by the  ad d itio n  of 2 m is. of 2 M 
sodium b icarb o n ate  and 1 ml. of 1 M potassium  io d id e , and t i t r a t i n g  
the  l ib e ra te d  iod ine w ith  sodium a rs e n ite  so lu tio n  which was prepared
6 5from arsen io u s  oxide as described  in  Vogel.
( i i )  Organic compounds
For g ly c e ro l, m eso-1,2-diphenylethane 1:2 d io l and ethane d io l ,  
no p u r if ic a t io n  was necessary . The m eso-1,2-diphenyle thane .1:2 d io l
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ha d been p rev io u sly  p u r if ie d ,  and nAnalaRft g ly cero l was used . Laboratory
grade ethane d io l was s u ita b le  fo r  the experim ents in  which i t  was used.
Propane 1;2 d io l ,  propane 1:3 d io l and t«butanol were d i s t i l l e d ,  and
the f ra c t io n s  b o ilin g  a t  co n stan t tem perature were used*
The in f r a - r e d  sp ec tra  of the propane d io ls  were taken . Comparison
w ith  the known in f ra - re d  sp ec tra  of propane 1*2 d io l and propane 1:3 d io l
confirm ed th e i r  id e n t i ty .  The m elting  p o in t of the  phenyl ethane d io l
was determ ined and found to  be 65 C. The value given in  the l i t e r a tu r e
i s  65*=»6°C.
( i i i )  O ther chem icals
C arbonate-free potassium  hydroxide
Carbonate~free potassium  hydroxide was used in  th e  determ ination
of the d im erisa tio n  co n stan t and was prepared  by an ion«exchange
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method d escribed  in  A lb ert and Sergeant.
R e c ry s ta ll is e d  borax
R e c ry s ta llis e d  borax was used f o r  the s ta n d a rd isa tio n  of a c id
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so lu tio n s . I t  was p repared  as described  in  Vogel and kep t in  a 
d e s ic c a to r  co n ta in in g  w ater s a tu ra te d  w ith  re sp e c t to  sugar and s a l t .
A ll o th e r compounds used were "AnalaR** grade and were no t 
p u r if ie d  fu r th e r .
0 0  Measurements of equ ilib rium  constan ts
(A) Speotrophotom etric measurements , •
These were c a r r ie d  out using  a SP.500 manual spectrophotom eter.
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The c e l l  c o rre c tio n s  were obtained  by measuring the  r e la t iv e  transm issions 
of the  c e l l s ,  which were f i l l e d  w ith  w ate r, over a range of wavelengths*
a
I t  was assumed th a t  the c e l l  c o rre c tio n s  remained co n stan t over a
o
tem perature range* Below 2300A, a l l  c e l l  c o rrec tio n s  were determ ined
o
p r io r  to  each experiment* Above 230QA, an i n i t i a l  determ ination  
of th e  c e l l  c o rre c tio n s  was made, and i t  was shown th a t  they  remained 
co n s tan t over a p e rio d  of tim e. Successive determ inations of the  c e l l
c o rre c tio n s  were req u ired  to  agree w ith in  0*5% f o r  c e l l s  of 1 cm* or
o o
le s s  and above 230GA* For A cm. c e l l s  and below 230CA, poorer agree­
ment had to  be to le ra te d  (up to  -  3%)*
The c e l l s  were p laced  in  the cell-com partm ent f o r  15«30 m inutes 
befo re  making any o p tic a l  d en s ity  measurements, in  o rd er to  ensure
th a t  th e  tem perature of the so lu tio n  w ith in  the c e l l  was constant* I t
was shown th a t  th i s  time was s u f f ic ie n t  by redeterm ining  one o r two 
o p tic a l  d e n s it ie s  obtained  a t  the  beginning of the  experim ent. O p tica l 
d e n s it ie s  in  the  reg io n  0*2-1*0 were measured as f a r  as p o s s ib le , and 
each measurement recorded  was a mean of two read in g s. The measurement 
of the  tem perature of the  so lu tio n  in  th e  c e l l  was made w ith  a 
thermometer read ing  to  0*1°C*
D im erisa tion  co n stan t
The sh o rt p a th - le n g th  c e l l s  used were the  demountable type 
o b ta in ab le  from Research and In d u s t r ia l  Instrum ents L td . Thet„oell 
c o n s is te d  e s s e n t ia l ly  of two s i l i c a  p la te s  which were separa ted  by a
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PTTT3 sp acer, and which were clamped to g e th e r . The p a th - le n g th  of the
c e l l  was measured by p lac in g  i t  in  the  beam of an in fra « re d  spectro«
photom eter and record ing  the  in te rfe re n c e  f r in g e s  caused by in te rn a l
69r e f le c t io n  of the in fra ~ re d  a t  the g la s s « a ir  in te r f a c e s .  The 
number of in te rfe re n c e  f r in g e s  in  the reg ion  2 . 0 was determ ined. 
Allowance was made f o r  the  m issing f r in g e s  in  the  reg ion  of the ab so rp tio n
of the  s i l i c a .  The p a th « len g th  was c a lc u la te d  using  the equation
, /  \ n ^ At(mm) a ——» •
2000
Where n i s  the number of f r in g e s  between the  wavelengths X^ and
I t  was no t always p o ss ib le  to  o b ta in  the p a th ^ len g th  of the c e l l s  by
the in f r a - r e d  method. The p a th -le n g th  of the .5mm. c e l l  was determ ined
by measuring the  o p tic a l  d en s ity  of a p e rio d a te  so lu tio n , of known
c
c o n cen tra tio n , a t  the is o s b e s tic  p o in t ,  2175A. A microscope which 
had a focusing  sca le  was used to  measure the path« leng th  of the 1 mm. 
c e l l s .
Two p re lim in ary  experim ents were c a r r ie d  out to  determ ine the
ab so rp tio n  of the potassium  hydroxide and to  determ ine the  r a te  of
d e te r io ra t io n  of the  p e rio d a te  in  potassium  hydroxide. I t  was found
th a t  f o r  1 cm, c e l l s ,  the ab so rp tio n  o f 5 x lcf^M potassium  hydroxide
became excessive  below 2o5o£. Also i t  was shown th a t  the  o p tic a l
d e n s ity  of the p e rio d a te  changed by about 3/£ over ten  days. Thus
o
o p tic a l  d en s ity  measurements were made above 2050A, and on the  same
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day th a t  the s o lu tio n  was prepared .
Speotra of the p e rio d a te  mono-anion in  so lu tio n
In  o rder to  determine w hether any d im erisa tio n  of the mono~anion 
occurred , the  o p tic a l  d en s ity  of a #156 M so lu tio n  of NalO^ was 
determ ined usin g  a c e l l  of p a th -le n g th  approxim ately #007 mm# I t  was 
im possible to  determ ine the  a c tu a l  p a th -le n g th  of th e  c e l l  because no 
in te rfe re n c e  f r in g e s  could be ob ta ined . The o p tic a l  d e n s itie s  of the 
d i lu te  and co ncen tra ted  so lu tio n s  were compared^ th e  r a t io  of the 
o p tic a l  d e n s it ie s  was shown to  be independent of wavelength.
Por the u l t r a - v io le t  speo tra  of NalO^ in  DgO* a so lu tio n  was 
made up by w eigh t. This so lu tio n  was d ilu te d  to  the  req u ired  
co n cen tra tio n  by adding a known volume, w ith  a m icro -sy ringe , to  a 
weighed volume of I^O.
( i i i )  P o ten tio m etric  t i t r a t i o n s
A diagram of the apparatus used i s  shorn in  P ig . 31 . The 
calom el e le c tro d e  was connected to  the so lu tio n  by means of an extended 
s a l t - b r id g e .  This c o n s is ted  of a FVC tube which connected the calomel 
e le c tro d e  to  a J  tu b e . The s h o r te r  arm of the l a t t e r  was f i t t e d  w ith  
a ceramic plug and was immersed in  the  p erio d a te  so lu tio n . The 
s a lt-b r id g e  was f i l l e d  w ith  3*8 M potassium  ch lo rid e  so lu tio n  (sa tu ra te d  
s o lu tio n  a t  0°C). The pH of the p e rio d a te  so lu tio n s  was measured 
u s in g  a g lass  e le c tro d e  and a Cambridge pH m eter.
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p e rio d a te  so lu tio n s  were p repared  by weighing K^Ep^O^Q-SHpO 
^ d ire c tly  in to  the c e l l  and adding the  r e q u is i te  volume of carbonate 
f re e  w ater by means of a p ip e t te .  The c e l l  was p laced  in  a th e rm o sta t 
f o r  about 30 minutes and n itro g en  was passed through to  exclude carbon 
d io x id e . Acid was added to  the so lu tio n  from a b u re t te ,  and the 
r e s u l t in g  BMP was measured. The passage of n itro g en  ensured th a t  
thorough mixing of the  so lu tio n s  occurred . S u f f ic ie n t  time a f t e r  each 
a d d itio n  was allow ed f o r  th e  c e l l  to  reg a in  the tem perature of the 
th e rm o sta t. The ad d itio n  of a c id  was continued u n t i l  the  end«point 
was passed! near the end«point the a c id  was added in  drops. The 
EMF of the  s tandard  b u f fe r  (borax or phosphate) was determ ined under 
th e  same con d itio n s  before and a f t e r  each experim ent. A p re lim inary  
experim ent, using  s tandard  borax and p h th a la te  b u f fe r s ,  checked the  
performance of the g la ss  e le c tro d e .
The pH was c a lc u la te d  using  the equation  £\E =     t
P
where i s  the  d iffe re n c e  in  EMF between the s tandard  b u f fe r  and 
th e  p e rio d a te  s o lu tio n , and pH^ and p j^  a re  t h e i r  corresponding 
pH v a lu e s .
( i )  phenyl ethane d io l and p e rio d a te  ions 
P rep ara tio n s  and use of b u ffe r  so lu tio n s  
The re a c tio n  between phenyl ethane d io l and p e rio d a te  ions i s  
accompanied by a change in  pH. The pH was kept co n stan t by use of
2.305RT
(° )  K in e tic  measurements
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b u f fe r  so lu tio n s  otherw ise a change in  r a te  during th e  re a c tio n  would
have been observed* In  the  pH range l« 3 j because the  change in  pH
i s  sm all and has a n e g lig ib le  e f f e c t  on the r a t e ,  unbuffered  so lu tio n s
were used* The io n ic  s tre n g th  was kep t constan t and sodium p e rc h lo ra te
was used where necessary  f o r  th i s  purpose* The fo llow ing  so lu tio n s
were used to  cover the pH range 1«*9*
pH 1 » 3 P e rch lo ric  a c id  •» sodium perch lo rate ,,
pH 4 Sodium a c e ta te  *» p e rc h lo ric  acid*
pH 7 ■* 8 Phosphate b u f fe r .
pH 9 Ammonium b u f fe r .
Choice of w avelength f o r  fo llow ing  k in e t ic s  by spectrophotom etry
The u l t r a « v io le t  sp ec tra  of the  re a c ta n ts  and products of the
re a c tio n  a re  shovm in  P ig . 32 * Phenyl ethane d io l  has an ab so rp tio n
minimum a t  228Q& and benzaldehyde, formed during th e  re a c tio n , has an
o
ab so rp tio n  minimum a t  2200A.. Iodate  and form aldehyde, a lso  formed
during the re a c t io n , do no t absorb s tro n g ly  in  th i s  region* The
p erio d a te  and the  p e rio d a te« d io l in te rm ed ia te  absorb s tro n g ly  in  the 
oreg io n  2250A. Thus the decom position of the  in te rm ed ia te  i s  accompanied
by a la rg e  decrease in  o p tic a l  d en s ity  in  the  reg ion  225oS*
o
I t  i s  a lso  p o ssib le  to  study the  re a c tio n  a t  250OA where the 
benzaldehyde absorbs s tro n g ly . However, the phenyl ethane d io l  a lso  
absorbs in  the  reg ion  of th is  w avelength, and i t  i s  necessary  to
116
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minimise i t s  e f f e c t  by use of sh o rt p a th - le n g th  c e l l s .
The magnitude of the  change in  o p tic a l  d en s ity  in  th e  reg ion  
2250$• i s  dependent on the pH, whereas th a t  a t  250Q& i s  independent of 
pH. P re lim inary  experim ents were c a r r ie d  out to  determ ine the  
w avelength a t  which the change in  o p tic a l  d en s ity  i s  the g re a te s t  
during the re a c tio n .
Measurement of slow runs (pH 8 and 9 ) >
A manual SP 500 spectrophotom eter was used f o r  fo llow ing  the 
re a c tio n . A known volume of the  d io l so lu tio n  was p ip e tte d  in to  the 
c e l l  which was then p laced  in  the c e l l  compartment. Approximately 
t h i r t y  minutes was allow ed f o r  the tem perature, of the so lu tio n  in  the  
c e l l  to  become co n s ta n t. A small c a lc u la te d  volume of concen tra ted  
p e rio d a te  so lu tio n  was added to  the d io l by means of a m icro-syringe 
so th a t  th e  o p tic a l  d e n s ity  was in  the regL on^l.8 . The two so lu tio n s  
were thoroughly  mixed by blowing a i r  through the  c e l l  f o r  a few seconds* 
O p tica l d e n s ity  read ings were taken  over a p erio d  of two h a l f - l iv e s .  
A fte r  two h a l f - l iv e s  had e lap sed , the  re a c tio n  was a c c e le ra te d  by 
warming the  c e l l .  When no f u r th e r  change in  o p tic a l  d en s ity  occurred, 
the  c e l l  was cooled to  i t s  o r ig in a l ten p era tu re  and the  f in a l  o p tic a l 
d en s ity  was measured.
Because the i n i t i a l  o p tic a l  d e n s ity  was h igh, i t  was necessary  
to  show th a t  i t  was no t depressed by s tra y  l ig h t  e f f e c t s .  This was
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done by measuring the o p tic a l  d en sity  of a p e rio d a te  so lu tio n , D ^ l ,  
a t  the wavelength used fo r  fo llow ing the re a c tio n  using  a 5mm c e l l .
A 1 cm. c e l l  was then f i l l e d  w ith  the same so lu tio n  and the  o p tic a l  
d en s ity  redeterm ined. The value of the l a t t e r  was w ith in  0 .5$  of 
double the  f i r s t  va lu e , thus showing th a t  s tr a y  l ig h t  had no e f fe c t ,  
on the  read in g s.
Measurement of f a s t  runs (-pH 1 -  l)
For th ese  runs a reco rd ing  SP.800 spectrophotom eter was used.
A sp e c ia l method o f mixing the  so lu tio n s  ra p id ly  was devised, and a 
diagram of the  apparatus used i s  shown in  F ig . 33 . The sec tio n  
from B was of f in e  bore and was f i l l e d  w ith  a c a lcu la ted  volume of 
concen tra ted  p e rio d a te  so lu tio n ; the purpose of the bulb was to  
p reven t prem ature mixing o f the  two so lu tio n s . The se c tio n  from 
C to  the bulb was f i t t e d  through a stopper and placed in  the  re a c tio n  
c e l l  as shown in  F ig . 3 3 . This se c tio n  was bent as shown in  order 
to  avoid th e  l ig h t  beam. The probe of a Grant therm istor-therm om eter 
was f i t t e d  in  a s im ila r  manner. The end A was connected to  a 
n itro g en  supply when re q u ire d . Upon passing  n itro g en , the p e rio d a te  
was fo rced  in to  the d io l  and the re a c tio n  s ta r te d ;  sim ultaneously  
th e  tim e scan of the spectrophotom eter was s ta rted *  The passage of , 
n itro g e n  was allowed to  continue fo r  2-5 seconds to  ensure thorough 
m ixing. During the run the  end A was opened to  the atmosphere to  
p reven t the  l iq u id  in  the c e l l  from r is in g  up the tube. P relim inary
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experim ents were c a rr ie d  out to  determine the  b es t p ressu re  to  use
fo r  mixing and the corresponding volume of d io l to  use* Some o f the
o
runs were c a r r ie d  out in  the  reg ion  about 2250A, and some were c a r r ie d  
o
out a t  2500A. For the  l a t t e r ,  2 mm. c e l l s  were used in  o rder to
minimise the ab so rp tio n  of the  diol*
C a lcu la tio n  o f ra te -c o n s ta n ts
F i r s t  order ra te -c o n s ta n ts  w ith  re sp ec t to  t o t a l  p e rio d a te  were
re q u ired . From co n sid e ra tio n  o f the  abso rp tion  of a l l  spec ies  a t  any
given tim e, and when the re a c tio n  i s  complete, i t  was shown th a t
D -  D. a [ P e r ] w h e r e  D and D, are  the  o p tic a l  d e n s it ie s  a t  i n f in i ty  oo t  t  co t
and t  r e sp e c tiv e ly , and [P e r]^  i s  the t o t a l  p e rio d a te  co n cen tra tio n  a t  
tim e t .  Thus graphs of log in  (D -? D.) ag a in s t t  were drawn, and the
JLU 00 u
ra te -c o n s ta n ts  were obtained  from the  slope by m u ltip lic a tio n  by 2.303.
C orrection  to  the  d io l co n cen tra tion
At low d io l co n cen tra tio n s, the decrease during a run i s  ap p rec iab le
70and i s  g iven by the equation .
[& ]jl -  [P e r]±
2 k
where [P er] i s  the i n i t i a l  t o t a l  p e rio d a te  co n cen tra tio n , and k and k
1
are  defined  as b e fo re . The values re c ip ro c a l p lo ts  were
corrected*
E ffe c t of u l t r a - v io le t  l ig h t  on r a te
At pH 7 .01 , i t  was show  th a t  the  u l t r a - v io le t  l ig h t  has no 
s ig n if ic a n t  e f f e c t  on the r a te  of the re a c tio n , by determ ining the r a te
- 121-
co n stan t te.' a t  d if f e re n t  s l i t -w id th s .  No v a r ia t io n  in  was 
observed,
( i i )  Meso- 1,2 -d iphenylethane 1:2 d io l
The experim ental d e ta i l s  were ex ac tly  the  same fo r  th is  re a c tio n
as fo r  the  re a c tio n  between p e rio d a te  ions and phenyl ethane d io l tt
Excess d io l  was used, and f i r s t  o rder r a te  co n stan ts  were obtained  as
b e fo re . The second order ra te -c o n s ta n ts  were obtained by d iv id in g
th e  f i r s t  o rder ra te -c o n s ta n ts  by the d io l co n cen tra tio n . This
o
re a c tio n  was followed a t  2500A.
The sm all s o lu b i l i ty  of the  m eso-1,2-diphenylethane 1:2 d io l
prevented the  ra te -c o n s ta n ts  from being determ ined over a la rg e
c o n cen tra tio n  range. For the re a c tio n s  in  th e  ac id  and b u ffe r
-4s o lu tio n s , the co n cen tra tio n  of d io l was always about 5 x 10 M.
I t  was shoim th a t  no rearrangem ent of the  d io l occurred in  ac id  
s o lu tio n s  by determ ining i t s  u l t r a - v io le t  spectrum before and a f t e r  
each experim ent.
(d) Spectrophotom etric measurements on p e r io d a te -d io l complexes and
on th e  dim eric p e rio d a te  in  so lu tio n s  of high pH
( i )  MR sp ec tra
The so lu tio n s  used were prepared by w eight. The p e rio d a te
so lu tio n , used fo r  p rep arin g  the complex, was obtained  by d is s o lu tio n
-2of L I A  in  D O; i t s  a lk a l in i ty  was in creased  to  10 M in  OD by the  
4 ^ y ^ „
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a d d itio n  of a c a lc u la te d  volume of 1M potassium  hydroxide in  
u sing  a m icro -sy ringe . The req u ired  weight of d io l was weighed in to  
a sm all weighing b o t t l e .  When the MR spectrum of the complex was 
re q u ired , the p e rio d a te  so lu tio n  was added to  the d io l and the 
so lu tio n  was mixed thoroughly; the spectrum was then  taken immediately* 
The MR sp e c tra  of the  p e r io d a te -d io l complexes were always obtained  
u sing  excess p e r io d a te .
The tem perature o f the  sample in  the MR spectrophotom eter was 
35°C, and i t  was necessary  to  show th a t  the r a te  of decomposition of 
the  complex a t  th i s  tem perature was not too rap id  to  prevent i t s  
spectrum from being ob ta ined . This was done by determ ining the r a te  
of decom position of the  g ly c e ro l-p e rio d a te  complex a t  35°C usin g  a 
SP.800 reco rd ing  spectrophotom eter. From previous work, the  r a te  
o f decom position of o th e r p e r io d a te -d io l complexes could be r e la te d  
to  th is  r e s u l t  fo r  g ly c e ro l.
( i i )  In f ra - re d  sp ec tra
The in f r a - re d  sp e c tra  of the d io ls  and of th e i r  p e rio d a te  
complexes were obtained  using  so lu tio n s  prepared in  ex ac tly  the same 
way as fo r  th e  MR. An SP200 spectrophotom eter was used, and an 
a tte n u a to r  was p laced  in  the re fe ren ce  beam to  compensate fo r  the 
s tro n g  so lv en t ab so rp tio n .
The p e rio d a te  so lu tio n  used fo r  ob ta in in g  the in f ra - re d  sp ec tra
of the  monomer and dimer in  so lu tio n s  of high pH was prepared  ex ac tly  
as described  before  in  se c tio n  d ( i ) .  P re lim inary  experim ents were 
c a r r ie d  out to  determ ine the b es t con cen tra tio n  of to  use in
order to  o b ta in  a s a t i s f a c to ry  absorp tion  o f the dimer a t  low tem perature 
and a d e te c ta b le  change on in c rea s in g  the tem perature.
( i i i )  U lt ra -v io le t  sp e c tra
The mixing device described  in  s e c tio n  c ( l )  was used in  o b ta in in g  
the  sp e c tra  o f the  ethane d io l  and g ly ce ro l complexes w ith the  SP.800 
reco rd ing  spectrophotom eter. Por the corresponding sp ec tra  using  
propane 1:3 d io l and t-b u ta n o l, the volume of l iq u id  req u ired  to  give 
th e  d es ired  co n cen tra tio n  was added d ir e c t ly  to  the  c e l l  by means o f a 
m icro -sy rin g e . Mixing was e ffe c te d  by bubbling a i r  through the  so lu tio n  
The so lu tio n  was l e f t  fo r  approxim ately t h i r t y  minutes in  o rder to  
determ ine whether any re a c tio n  had occurred*
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PART V,
TABLES OP EXPERIMENTAL RESULTS
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P a r t V. Tables of experim ental r e s u l t s  
D im erisation  constan t a t  1„0QC.
TABLE 23
E x tin c tio n  coe f f i c i e n t s  of the  d i-an io n  in  the reg ion  
2050 -  2150%
X(A)
C oncentration  of p e rio d a te  so lu tio n s
1.321 x 10~4M 1.276 x lO^M 2.981 x 10“5M '
. . - T -------- j  •
: Mean
e 2 . .
2050 7827 7743 - ; 77Q5
2100 7918 7900 7886 7901
2150 7158 7092 7139 7123
2200 6011 5995 5931 5979
2250 4951 4976 4941 4959
2500 4224 4287 4203 : 4238
2350 3732 5769 3708 3736
2400 5561 3578 3372 3370
2450 2990 3017 3020 3009
2500 2566 2586 ; 2542 2565
2550 2104 2124 2106 2111
2600 1635 1669 1636 1647
2650 1219 1230 ' 1208 - 1216
2700
■i;—  .. ......... . 886 893 872 884
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TABLE 24
E x tin c tio n  c o e f f ic ie n ts  of p e rio d a te  so lu tio n s  in  the  
reg io n  2050 -  2700&
Io n ic  s tre n g th  = .101 -r •006
-------------—
C oncentration o f o erio d a te so lu tio n
i
x d ) 2.709. 
x 10~*
6.508. 
x 10 I
1 .298,
x 10 M
2.462- 
x 10 M
6.211 
x 10 M
1 *179P 
, x io “ t i
2.079P
x 10~T1 ..
.. 2050 7279 6576 6041 5533 5023 4724 4724
2075 7390 6623 6213 5746 5321 4692 5020
2100 7301 6730 6280 5984 5651 5318 5345
2150 6962 6646 6541 6434 6335 6124 6187
2175 6703 6599 6600 6598 6698 6497 6531
2200 6393 6438 6526 6761 7004 6879 6952
2250 5722 6108 6489 6901 7366 7371 7478
2275 . 5397 5893 6325 6761 7366 7388 7516
2300 5094 5585 6116 6581 7124 ; 7209 7334
2325 4799 5278 5690 6221 6826 6845 6962
2350 4489 4901 5392 5795 6343 6327 6522
2400 3802 4064 4430 - - 5047 -
2450 3138 3204 3416 3553 3775 3715 3815
2500 2488 2435 2670 2545 2640 2553 : 2639
2550 1927 1828 1872 1809 1843 1781. 1816
2600 1469 1375 1417 1326 1336 1281 1291
2700 849 791 843 -- 1 794
821 : 763L 784
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TABLE 2g
E x tin c tio n  c o e ff ic ie n ts  of p e rio d a te  so lu tio n s  a t  1„0°C 
in  the  reg io n  2500 -  2950?.
X (?) C oncentration of p erio d a te  so lu tio n
8.023c , 
x 10"5MT
i 5.980 * I
I x 10-%  )
... -... ..........  .....1
4 -186P JL JL x 10~2M* 1
2500 2530
I j
! 2536 2568
2520 2321 2287 2162
2540 2162 2036 1844
2550 2053 1920 1722
2570 18 66 1701 1491
2590 1695 1528 1307
2600 1602 1425 1228
2620 1427 1267 1084
2640 1259 1131 979
2650 1193 1101 936
2670 1059 957 853
2690 938 862 791
2700 . 879 819 762
2720 776 736
2740 692 -
2750 661 643 654
2800 I 498 515 568
2850 I 596 427 497
2900 I 312 347 I 428
2950 I 262 284 353
^ E x tin c tio n  c o e f f ic ie n ts  of d i-an io n  (no KCl added),
*
Ion ic  s tre n g th  made up to  ,100 w ith  KCl, ! "
"W No KCl added.
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TABLE 26,
C a lcu la tio n  of
Jf !' X = 2050I  e = 7785 s X= 20751 e2 = 7930
104[P er] I 1 x  i
j[P e r]2 i
« ® , - e; 2 / W j e •
e -  e
2 / v y - '
J l p S s l U V r Per"]'
2.709
i
60.75 I
.
7279 506 1367 | 7390 540 1412
6.508 39.18 6576 1209 1362 i 6623 1307 1417
12.98 27.74 ! 6041 1744 1158 | 6213 1717 1149
24.62 20.15 II 5533 2252 956.3 *|
5746 2184 941.7
62.11 12.69 j 5023 2762 667.1 | 5321 2609 648.3
117,9 9.21 j 4724 . 3061 509.5 !
i
4962 2968 I 501,8
207.9 6.93 i
1
4724 3061 383.3 I 5020 2910 | 373.8
|
; e4 /2
slope
iL » D
= 3880 1
= 1 . 9 3  I 
525 |
f
e * 4240 slope =1.66
Kjj = 636
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TABLE 2‘6 (continued)
C a lcu la tio n  of
X = 2 l 0 0 i  6 .  « 7901 X 5=225o2*®. = 4959
104[P er] 1 e c e -e«
—  \  J- (e *- e \  2
r 1
e £ ^ e
[P e r] 2 c \fP e r  jJ c.
\  f> erV
2.709 60.75 7301 600 . 1488 5722 763 1678
6.508 39.18 6730 1171 1341 6108 1149 1328
12.98 27.74 6280 1621 1116 6489 1530 1085
24.62 .20 .15 5984 1917 882.2 6901 1942 888.2
62.11 12.69 5651 2250 602.0 7366 2407 622.6
117.9 9.21 5318 2585 468.1 7371 2412 452*4
207.9 6.93 , 5345 2556 350.3 7478 2519 347.7
i
®4 / 2 = 4640 j 
s lo p e = 1.64 I 
Kp = 604
} V 2
! S  =
» 8220 slope = 1*52 
705
22758 e2 = 460C| * =25C0X ®2 = 4238
104[ P e r ] ; 1
[P ir ] ^
e g*re
2
/ e “ *^
\ [P e r ] /
e e .. e
2
/ \J_ 
/ e-  £ \2
V b e r j )
2.709 
6.508 
12.98 
24.62 
62*11 
117*9 
207*9 _
60.75 
39.18 
27.74 
20.15 
12.69 
9.21 
6.93 ..
5397
5893
6325
6761
7366
7388
7516
797 
1293 
1725 
2161 
2766 
2788 
■ 2916
1714
1409
1152
936.7
667.6
486.4
374...1
5094
5585
6116
6581
7124
7209
7334
856 
1347 
1878 
2343 
2886 
2971 
_ 3096....
1778 
1438. 
1201 
975.2 
681*9 
502.1 L 385_. 6
e /2  = 8360 
s lo p s  = 1,75
Kp = 6 2 $ '
e ^ /2  = 8240 s lo p e  = 1.80 
. ^ - . 6 1 7
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TABLB 26 (continued)
C alcu la tio n  o f K 
D
X= 2325X e 2 
*
= 3950 a
i
X =235oS €=3736
10^[Per]
1 /e « eU- 1 / e' " e2\2[p^r J  3 e e - e 2 . j 1 e
\ [per]/ \  [P e r^
2.709 60.75 4799 849 1770 4489 ,753 I 663
6.508 39.18 5278 1328 1428 4901 1165 1338
12.98 27.74 5690 1740 1157 5392 1656 1129
24.62 20.15 6221 2271 9 6 0 .3 1 5795 2059 914.5
62.11 12.69 6826 2876 680.6 6343 2607 648.0
117.9 9.21 : 6845 2895 495.7 6327 2591 468.8
207.9 6.93 6962 I 3012
L .................... ....
380.3 6522
.........................
2786
.............
365.8
a /2  = 7840 
slope =1 . 7 4
K s  642 
D
.
V 2
K = 
D
* 7320 slope = 
1.74
592
—131—
D im erisation  co n stan t a t  25°C«
TABLE 27
o
E x tin c tio n  c o e f f ic ie n ts  of the  di«=>anion in  the reg ion  2Q50«a275QA
X ( l)
C oncentration of p e rio d a te  so lu tio n
1.321 x j 
lO i
1.276 x i 
10"TI ]
2.981 x 
1 0 ^ 1
Mean
e 2
2050 7903 7759 7831
2100 8115 1 8017 7940 8024
2150 75X6 ■ 7351 7260 7376
2200 6364 6183 6107 6218
2250 5057 5125 5117 5100
2300 4428 4^43 4429 A433
2350 4020 4067 4010 4032
2400 3770 3777 3775 3774
2450 3428 « 3511 3456 3483
2500 3051 3072 3028 3050
2550 2559 2586 2517 2554
2600 2006 2014 1980 2000
2650 1506 1520 1476 1501
2700 1098 1105 1074 1092
2750
!
802 79111
789 j 794
l
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TABLE 28
E x tin c tio n  c o e f f ic ie n ts  of p e rio d a te  so lu tio n s  in  the 
reg ion  2030 -  2750?
Io n ic  s tre n g th  = .095“ *015
C oncentration  of p e rio d a te  so lu tio n
* ( A) 1.298 x 10“V 2.523 x lo " 3fl 2.273 x lo "%
2050 7205 6932 5755
2075 7331 7071 6026
2100 732k 7102 6210
2150 69 44 6909 6499
2175 6600 8647 6612
2200 6228 644-6 6638
2250 5584 5937 6665
2275 5320 5722 6560
2500 5057 5490 6376
2325 4850 5290 6122
2350 4639 5004 5773
; 2400 4132 4338 4898
24-50 3580 3686 3910
2500 2946 ; 2953 2956
2550 2384 2306 I 2178
2^ 00 1812 1835 1644
j2700 1014 979 909
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table 29
E x tin c tio n  c o e ff ic ie n ts  of p e rio d a te  so lu tio n s  in  the  
reg ion  2500 ~ 295Q&.
C oncentration of p e rio d a te  so lu tio n
x X ) .: 8.023 x 10~5M*
' 1
3.980 x 1 0 " \» 4.186 x lO"2! ^
2500 2985 2938 2890
2520 2764 2754 2499
2540 ' 2577 2526 2198
2550 2458 2418 2076
2570 2253 2214 1832
2590 2038 1990 1610
2600 1926 1867 1510
2620 1726 1664 1316
2640 1530 1490 1194
2650 :I4A6 1397 1125
2670 1281 1239 1018
2690 1128 1093 922
2700 1059 1035 881
2720 928 907 -
: 2740 823
2750 779 764 7x7
2800 583 585 600
2850 458 465 516
2900 364 377 435
i 2950 302 312 368
+ E x tin c tio n  c o e f f ic ie n ts  of di«
* Io n ic  s tre n g th  made up to  *100 w ith  KCl* 
«H» No KCl added.
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TABLE 30
C alcu la tio n  of
3 -  10 [Per]
* i X <* 20?5& e = 8025 f:■x = 2 io o x e 2= 8024
l  1 
[Per] 2 e £ 2 *• € f - 4 ^ 1 1 !
I [ p e r jy  |
1
e
"2 ” e i( e 2 ~S\  *
\  [P er]/
1*298
2.523
22.73
27.74 
;19.91 
1 6.63
7331
7071
6026
694
954
1999
730.8 |
615.2 ! 
296.4 1
7324
7102
6210
700
922
1814
734.0
604.5
282.3
e / 2  = 5090 s lo p e = 3 .1 4 1  
iKD4  . = 14.9 !
6 2 /2 * 5 4 5 0  s lo p e
;k d = 180 2.67
| <
= 2250A e 0 = 5100 <- - ........ - . ... ....! ■ - . _<m _ . : X= 2275S e 9= 4700 J
103 [Per] 1 1 « 1 e "*2 ! j 6 - ^ 1
1 ! VTpK T /
e *~e 2
> i/ g g i 2 { ~ 2 }
[Per] 2 A [P er]/....
1.298
2.523
22.73
27.74
19.91
6.63
5564 I 464 i 597.4 
5937 837 1 575.9
6665 ! 1565 ! 262.3
5320
5722
6560
620 
1022 
1 I 860
690.7
636.6
1286.0
M/2  = 7390 slope = 2.8
H
^  I
B^ /2  = 7340 slope = 2.72
*S> = 178
‘ ‘ ‘ O 1
X = 2300A ez -  4433  J
............... ........- ... i
X = 23251 e 2=4200
103 [Per] 1 1 1
! [P e r]2
.  1 6 e> £2
/in f s .  H i
\ [Pei']/ |
e e - e 2 r ez \ i
\ N r ] j
1.298
2.523
22.73
i
! 27. 74- 
! 19.91
! 6.63
5057 | 
5490 ! 
6376
624
1057
1943
692.9 j 
647.3 j 
292.2 j
4850
5290
6122
650
1090
1922
707.3
657.5
290.7
V 2 = 
s  =
= 7220 slope=2.90 j 
: 166 |
1
V 2 =
s  =
6800 slope=2.54 
201
_ ____  _ ...... ......
1
I
X = 2350& e„ = 4032 *
103 [Per] 1 , 1  
[P er]2
e 6*9 ^ i£r- e2 \ i
\ [ P e r ] /
1.298
2.523
22.73
27.74
19.91
6.63
4639 ^
5004
5773
607
972
1741 I
633.4
620.9
276.6
e , /2=  6460 slope=2*52
_______________ i
i
i
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Temperature dependence of the  u l t r a - v io le t  sp ec tra  of the  
mono-anion in  so lu tio n
TABLE 21.
E x tin c tio n  ceo e f f ic ie n ts  of the p e rio d a te  mono-anions in  w ater 
a t  v a rio u s  tem peratures in  the reg ion  2000 -  2600&
x ( 2 )
-4C oncentration of p e rio d a te  2,209 x 10 M
e l»0°C e ll,0 °C e25 • 0°C € 45.0°C
2000 2852 2716 2592
2050 . 4500 4382 4298
2075 5487 5478 5367
2100 6464 6600 6525
2125 7451 7605 7759 7702
2150 8284 8529 8791 8706
2175 8891 9190 9353 9546
2200 9253 9642 10,032 10,030
2225 9253 9688 10,068 10,167
2250 8909 9470 9860 9957
2275 ; 8411 8927 9289 9428
2300 7705 8221 8547 8706
2325 6845 7324 7678 7839
2350 6012 6410 6673 6871
2375 5142 5731 5858
2400 4319 4853 4937
• 2425 3558 f 3975 4079
2450 2915 3286 3322
2500 1928 2128 2145
2550 1231 ! 1358 1323
2600 806 1 | 869 831 ~
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TABLE 32
E x tin c tio n  c o e f f ic ie n ts  of the p e rio d a te  mono-anions in  D^ O 
a t  v ario u s  tem peratures in  th e  reg ion  2000 -  26QoS
M i)
C oncentration o f p e rio d a te  3.172 x 10~*^ M
e ® 0 25.0 C ® 045.0  C
2000 2767 2606 2526
2050 4450 4391 4278
2075 5440 5438 5224
2100 6448 6524 6404
2125 7375 7495 7452
2150 8301 8423 8391
2175 8875 9079 9083
2200 9108 9419 9445
2225 9196 9615 9540
2250 8938 9350 9343
2275 8371 8789 8835
2300 7740 8050 8099
2325 : 6807 7281 ! 7312
2350 5944 6353 6404
2375 5099 5476 5522
2400 4229 4568 4627
2450 2874 3085 3142
2500 1872  ^ 2025 2044
[ 2550 1223 1300 1326\i
i 2600 813 L  m 1____ §52_________ ____
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TABLE 33
Comparison of the  o p tic a l  d en s itie s , of a concen tra ted  and d i lu te
s o lu tio n  of NalO. in  w ater a t  1*0°C.
-------------------- - ------ -4—  . - - -------- -------------
x ( i ) D . 
(2.209 x 10"% ) (*?56M) B2
D1
2000 *279 .472 1.692
2050 •466 .658 ; 1.411
2075 .579 .771 1.332
2100 .692 .881 1.273
2125 .806 1.000 1.242
2150 .902 1.097 1.213
2175 .973 1.169 1.200
2200 1.016 1.217 1.198
2225 1.005 1.219 1.212
2250 *981 1.176 1.198
2275 .926 1.116 1.203
2300 .848 1.027 1.210
2350 .659 .815 1.237
2400 .469 .596 1.270
2450 .313 .399 1.275
2500 .207 .265 1.280
2550 *134 .168 1.252
2600 i..... - -.089. ___ l___ _______ - 1.180
C\J 
fr\ 
*
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TABLE 34
E x tin c tio n  c o -e f f ic ie n ts  of th e  -periodate mono-anion in  so lu tions, 
o f h igh  io n ic  s 'tren g th "a t 25»0°C in  The  ^region^ 2100-2600^7"
:X(i) : lo g 10 e i* lOg10 e2 lo ^10 5 3 ^
2100 3.8195 3.8170 3.8176
; 2125 3.8898 3.8740 3.8808
2150 3.9440 3.9126 3.9255
2173 3.9709 3.9383 3.9578
2200 4.0013 3.9514 3.9752
2225 4.0026 3.9518 3.9772
2250 3.9939 3.9396 3.9655
2275 3.9679 3.9167 3.9432
2300 3.9319 3.8725 3.9074
2325 3.8853 3.8336 3.8569
2350 3.8243 3.7776 3.7981
2375 3.7583 3.7169 3.7320
> 2400 3.6860 3.6445 3.6559
2425 3.5993 3.5678 3.5730
2450 3.5167 3.4896 3.4863
2475 - 3.4072 3.3921
j 2500 3.3279 3.3218 3.2945
2550 j 3.1328 3.1545 3.1322
I 2600 12.9390 3.0026 2.9101
e = e x tin c tio n  c o -e f f ic ie n t  of NalO. in  w ater.
'* " M " M n sa tu ra te d  NapS0. so lu tio n
” » " ” » " 2M NaClO. so lu tio n .4
-4C oncentration  o f p e rio d a te  = 2.209 x 10 M,
" ” M = 2.326 x 10“4M.
» " ” « 2.213 x lO**4!!,
.5 cm. c e l ls  used.
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TABLE 33
E x tin c tio n  C o e ff ic ien ts  of the p e rio d a te  mono-anion in  w ater 
and in  sa tu ra te d  Na^SO. so lu tio n  a t 25 B0°C in  the  reg ion  2.650-34QQ&
X(A) ; lOg10e i
-  _ " T T b H
Qg10 2
2650 2.7497 2.7846
2700 ' 2.6212 2.6730
2750 2.5198 2.5682
2800 2.4425 2.4786
2850 2.3711 2.3927
2900 2.2967 2.3054
2950 2.2122 [ 2.1959
3000 2.1303 2.1139
3050 2.0294 1.9868
3100 1.8921 1.8261
3150 1.7160 1.6335
3200 1.5185 1.4472
3250 1.2788 1.2041
3300 1.0792 ; 1.0792
? 3350 : 0.9031 0.8451
, 34 Q O J i 0.6021 0.6021
€ . a#. e x tin c tio n  c o e f f ic ie n t  m  w ater 1
e — »t n t!
C oncentration  of NalO.j
X ( l ) (a) in  w ater
2690 -  2950 
3000 -  3250 - 
3300 -  3400^
1 m .  c e l l s  used . 
4 cm .ce lls  used.
6.452 x 10“4M 
3.386 x 10"5M 
3.403 x 10~2M
H sa tu ra te d  NaJ30, 2 4
(b) in  s a tu ra te d  
Na^SO^ so lu tio n  (-w1«5M)
6.685 x 10~4M,
3.367 x iO^M.
3.418 x 10“2M.
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TABLE 56
E x tin c tio n  c o e f f ic ie n ts  of the d i-an io n  a t  45»0°C 
2075 -  27501
x (2 ) e
2075 8141
2100 8157
2150 7420
2175 6839
2200 6220
. 2250 5176
2275 4839
2500 4533
2325 4321
2350 4180
2400 3984
2450 3694
2500 3294
2550 2753
2600 2165
2650 1631
'2700 1200
2750 863
-4C oncentration  o f p e rio d a te  *= 1 *275 x 10 M.
•*W1-
TABLE 37 
P o ten tio m etrie  t i t r a t i o n s
o°c.
P erio d a te  = .01M.
Volume of 
ac id  added 
(m is.)
pH Per*” I - l O g |r - P&2Per” ,
5.05 8.25 5.204 .027 .20 7.93
4.02 8.05 2.169 .026 .20 7.91
5.02 7.88 1.557 .024 .19 7.88
: 6.01 7.75 1.119 .025 .19 7.89 '
7.01 7.59 .817 .022 .18 7.86
8.00 S7,46 .021
End-point a t  12*74 mis*
Mean value of =' 7.89
TABLE 38
P erio d a te  = *02M.
Volume of 
ac id  added 
(m is .)
pH [Per~]
[Per~]
I - lo g - |L PK2
3.01 7.95 3.388 .056 • 26 7.68
4.02 7.75 2.286 .054 .26 7.65
5.01 7.62 1.637 .052 .26 7.67
6.01 7.50 1 . 1 ^ 8 .050 .25 7.66 „
End-point a t  15*21 m is.
Mean value of pKL » 7.66
TABLE 59
25.0°C
P erio d a te  = .01M.
Volume of pH Per~ I , S  •—log pKpa c id  added 
(m is .)
,Per~. £
4.05 8.36 2.16 .025 .21 8.24
5.00 8.22 1.56 .024 .20 8 . 2 3 , ,
6.05 8.08 1.11 .023 .20 8.24
7.00 .7.96 .828 .022 .19 8.23
8.06 7.81 .588 .021 L*J.„9___ _ L  L---
End-point a t  12*80 m is. 
Mean va lue  o f pK2 = 8*25
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TABLE 40
P erio d a te  *03M
Volume of 
ac id  added 
(m is ,)
pH [P er ] 
[Per~]
I
- l o g f -
PK2
6.02 8.03 2.19 .074 ^30 7.99
8.04 7.87 1.39 .070 .29 8.02
9.01 7.78 1.13 .067 .29 8.02
10.01 7.70 .92 .065 .29 8.03
12.02 7.54 *60 .061 .28 8.04
End-point a t  19#22 m is.
Mean value o f pK  ^ = 8*02
TABLE 41
P erio d a te  .05M
Volume o f 
ac id  added 
(m is,)
pH
[p e r“ ]
[Per~]
X
- lo g - -  ■ f -
P&2
3.00 8.16 4.42 .13 .36 7.88
4.05 8.01 3.02 .13 .36 7.89
5.01 7.89 2.25 .12 .55 7.89
6,00 7.77 1.71 .12 .35 7.89
7.02 7.71 1*32 .11 .34 7.93
End-point a t  16*25 mis* 
Mean value of pK^ = 7*90
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TABLE 4.2
45.0°C .
P erio d a te  .002M,
Volume of 
ac id  added 
(m is .)
pH [Per~]
[Per~]
I
- lo g  £ - : p£2 '
4 .05 8.64 2.116 .0049 .10 8.42 :
5.04 8.52 1.492 .0048 .10 8.45
6*02 8.38 1,086 .0047 .10 8,44
7.01 8.23 .792 .0044 .10 8*43
8.05 8.07 .560 .0043 .10
I— — —
8.42
End-point a t  12*56 m lsc 
Mean value  of pK^ = 8*43 
P e rio d a te  CLOT TABLE ...,4,5
Volume o f 
ac id  added (mis.)
pH l Per*
________ ,J?er~]____ .. I
- io g £
___  . __.fr.
**2
4.02 8.58 2,209 .025 .21 8*45
5*00 8.45 1.58 .024 .21 8*46
6.05 8.33 1.132 .023 .20 8.48
7.00 8,18 .843 .022 .20 8.45 ,
8.00 8,06 .612
. . . . . ______ . - r _
.022 .20 8,47
End-point a t  12.90 mis* 
Mean va lu e  o f pK^ = 8*46
-1 4 4 -
TABLE 4.4
P erio d a te  .Q5M
Volume of 
ac id  added 
. _ J j l l s . ) ____
pH [p e r  ] I
-log~ |u.
f
*K2 |
. I? .e r“ l.......
5.01 8.30 2.253 .13
jiii
00 
I 
*
tI 
. 8.33
6.03 8.14 1.703 .12 .37 8*28
7*00 8,04 1.328 .12 .37 8*28
8.03 7.94 , 1.027 ,11 .36 8.29
9.01 7.84 .809 , n .36 8.29 :
10.03i- • - • .....— —
7.78 .625 .10 .35 8.33
End-point a t  16.30 m is. 
Mean va lue  o f = 8 .3 0
TABLE 45.
Spectrophotom etrie determ ination  of the  f i r s t  io n is a tio n  constan t 
x = 2220&
103[H+] D D1 D1 -  D 1D1 -  D
1 . , 
[H+] ,
1.975 .633 .864 ,231 4.329 506.33
2.467 .621 .864 .243 4.115 405.35
3.291 .564 .8 4 ^ *300 3.333 303.86
5.956 .466 ,864 .398 2.512 167*90
19.91
COo. .864 .556 
L. —
1.798
_______
50.23
Kc = 4 .00  x 10~5
-1 4 5 -
TABLE 4 6
* s  226o8
105[H+] D ®1 D.J-D
1
D,-D1 I eF J
1.975 .595 .807 .212 4.717 506.33 ;
2.467 .579 .807 .228 4.386 405.35 <
3.291 .527 .807 .280 3.571 303.86 ,
5.956 .432 .807 .375 2.666 167.90
19.91 .284 .807 .523 1.912 50.23 !
Kc = 4 .14  x 1073
TABLE 47
X = 2280i
103[H+] D D1 D.-D1
1 1
Dj-D H*
1.975 
2.467 
3.291 
5.956 • 
; 19.91
: .564 
.548 
.494 
.407 
.268
.758 
: .758 
.758 
.758 
.758
.194 ; 
. .210 
.264 
- .351
^ 4 9 0 .  . . .
5.155 
4.762 
3.788 
2.849 
_2_.041 _
506.33 
405.35 
303.86 
167.90 
50.23 ,
Kc = 4.30
^ = 23008.
x 10~3
TABLE 4 8
io 3[h+] D D1 L^-D
1
V D I # J
1.975 
2.467 
3.291 
5.956 
19.91
.525
.509
.458
.379
.251
.707
.707
.707
.707
.707
.182
.198
.249
.328
•456
5.494
5.050
4.016
3.049
2 J 5 L .
506.33 , 
405.35 ji 
303.86 
167.90 ; 
^  50,23
Kc » 4.14 -3x 10 *
-1 4 6 -
K in etic  work -  Oxidation ethane d io l by -periodate ions , a t  1 .0  C,
TABLE 49
V aria tio n  of k* w ith \Gl a t  each pH
j 103[g ]
i
103k* 1
M
1
k*
I 6*366 
I 9 .920 
i 20.85
5.55 157.1 180.2
8.36 100.8 119.6
15.05 47.96 66.46
! 40*09 \— 23 .3 24.95
42.92
1
i pH = 1.06 
! I  = .104
k = 4.76 x 10~^sec""^ 
K = 21
1
y-,— ------—
1 »-- --
103[g] 105k» W k ‘
6.624 8.07 151.0 123.9
9,901 11.35 101.0 88.5
20.47 20.12 48.85 49.7 i
: 40,55 28,4 24.66.... -....... . . j 35.2. ______ _ -..... ...
j
pH = 1.28 k = 5. 81 x 10~^ sec ^
fi
ii
I  = .100 K = 25
105[G] 105k* 1TgT
_ _ _ _ _ _ _
k*
4*666 20,32 214.3 49.21
6.682 27.2 149.7 37.01
10,07 31.0 100,0 32.26
14.10 40.5 70.92 24.69
45.79 56.6 21.84 17,67
50.73 .. . 59.0__ . i 19.71 16.95
pH = 1.99 k = 6,
-2 -162 x 10 seo
I  = .100 K =..38_ .. ...... — -i
-147-
TABLE 49 (Continued)
,  i
10 [g] ■ 1 0 V 1k 4 !
2.421 2.47
I 413.0 40.49
3.288 2.99 304.1 33.44
4.910 I 3.69 203*7 27.10
9.879 .4.62 101.2 21.65
19.98 I 5.13 ' 50.01 j 19.49
52.15 j 5.78, 19.17 17.30
6.52 ! 15.34
I I
pS = 4.54 k =s 6.25 x 10~^sec7^
I  = .109*— . - ........... -
K = 274
1°5[0] j 3 *10 k
1 1
1ST k '
1.004 8*80 1000*0 113*6
1.434 I 10.74 697.4 93.46
2.563 13.73 390.1 72*99
5.134 16.30 194.7 61.35
18.57 j 18.47 53.7 54.15
* 1  rr .  .n ™ « .r i -  rr 7,. .  r J
pH = 7.01 k = 19.84 x 10*"^sec7^
I  = .100 K = 796
104[ g] j 103k 1
1 S T
1
k'
3.040 1.027 3289 970.9
4.057 1.18 2465 847.5
5.140 1.23 1946 813.0
10,45 X.53 957.0 653.6 " — -
20,53 1.87 •, 487.1 534.8
49.65 I 1 .97 JL  201*8J L 507.6 _ ......
pH = 8,10 k = 2,10 x 10~^sec7^
I  = *100 K = 2975
-1 4 8 -
TABLE 49 (Continued)
104[ g] 105k*
iiiJ
1
k*
> 2.798 8,23 3573 12,150
3.752 ■ 9,27 2666 10,790
; 4.826 10.73 2072 9346
9.180 11.97 1089 8403
.19.58 12,83 510.7 7813
50,31 13.67
14.30
198.7 7353
6993
. 99,27 12.9
12.27
100.7 7752
8130
pH = 9*18 
I  = .100
k = 1.45 x 10~^sec7^ 
___  JL^JPQCU.____
TABLE 50
Values of k* in  ,01M a c e ta te  b u ffe r  pH*v4.5
105[G] 1° 2kl l  
(secT )
2.537 2.52
2.537 2.18
2.537 2.46
2,537 2.08
2.537 2,50
-2  -1Mean value = 2.35 x 10 sec .
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TABLE 51
Change o f pH during: the  course of the r e a c t ion between phenyl 
ethane d lo l and p e rio d a te  a t  high -pH.
Time 
( s e c s . )
pH Time 
( s e c s . )
pH
0 8.80 540 9.82
60 8.42 600 9.90
120 8.62 660 9.95
150 8 088 720 10.00
180 9*02 840 10.09
210 9*12
240 1 9.23
300 9.41
360 9.54
420 9o66
480 9.74
!
TABLE 52
O xidation of meso-1, 2-diphenylethane 1:2 d io l by -periodate  
in  a c e ta te  b u ffe rs
C oncentration k2 jof a c e ta te (mole 1~" sec } ]
.01 2.34
*02 2*96
*035 2.48
.05 4.31
4.48
4.61
.07 4.23
4.52
.10 4.78
....... _ 4*85._________
Io n ic  s tre n g th  = *100
D eterm ination of the e q u il ib rium co n stan t f o r  the forma tio n  of the 
in te rm ed ia te  between g ly ce ro l and p e r io d a te ' ions a t  high pH.
= O p tica l d en s ity  of Per" a lone.
Dg = " rt ” 0= a lone .
D = " " " m ixture.
[Per55] = 2.613 x 10 c a lc u la te d  from values of D-, a t  2230, 2273 
0 *
and 2300.£ and the corresponding e x tin c tio n  c o -e f f ic ie n ts .
TABLE 53
O verall co n cen tra tio n  of g ly ce ro l « 2.937 x 10 M
M S ) Di D2
D [P er2] 1 0 l> r =Je io 5 [c r] e
105 [&]s ’ k;
2250 .529 .718 .623 1.01 1.31 1.30 1.66 59,BOO
2260 .512 *700 .611 .90 1.24 1.38 1.58 70,400
2275 .491 .673 .589 .86 1.21 1.41 1.55 75,3CC
2300 .461 .630 .549 .92 1.25 1.36 I .60 68,100
Mean value of K = 68,400
TABLE 54
o 5»O verall co n cen tra tio n  of g ly ce ro l = 4*929 x 10 M.
/° \\ (A )
..
D1 d2 D
[Per=J
[0s ]
105 [Per=]e 105 [C"] e 105 [&]€ K j
2250 .529 .718 .655 0.50 8.71 1.74 3.19
s
62 ,800f
2260 .512 .700 .640 0.47 8.34- 1.78 3.15 S7 , 8oof
2275 .491 .673 .615 0.47 8.34- 1.78 3.15 67,8001
2300 .461 .630 .572 0.52 8.97 1.72 3.21 59,500?
Mean value of K s  64,400
TABLE 55
O verall co n cen tra tio n  of g ly ce ro l = 6.901 x 10*
X ( £ ) h . D2 D 1
II ^
<—
1
0 
It 
P-l 
O
 1-1 
i_l
l0 6 [P er-] 1 0 5 [ c = ]  , 1 0 5 [ & ] K
2250 .529 .718 .670 0.34 1 6.65 1.95 4-.95 59,100
2260 .512 .700 . 6 5 2 0.34 6.65 1.95 4.95 59,100
2275 .491 .673 . 6 3 0 0.31 6.17 1.20 4-.90 66,000
2300 .461 .630 .588 0.33 6.49 1.96 4*94 61,3003
Mean value of K = 61,400
-1 5 1 -
Examples of k in e tic  runs
A ll k in e t ic  runs a re  f i r s t - o r d e r .  The c a lcu la ted
-k * t
value o f D -  D, i s  given by (D -  D )e , where k ^ is  the oo t  oo o TC,
ra te -c o n s ta n t obtained from a f i r s t - o r d e r  p lo t ,  and i s  
th e  o p tic a l  d en s ity  when t  = o obtained by e x tra p o la tio n .
-152-
phenyl ethane d io l
pH 8*10. Run 6.
[G] = 2.053 x 10'-3h . 1 cm. c e l ls
I ,100. x = 22408
[P er]Q= 1.71 x 10"'Hi . SP500.
Time( s e c s .)  D00 Dt  Doo ^ Dt Time(sec,s.) Dco~ Dt
obs«* c a lc . obs. c a lc .
60 1 *044 1.034 663 .326 .335
124 .916 .922 720 .296 .301
180 .823 • 826 7 80 .270 .269
242 .714 .736 840 .234 .241
- 304 .628 .656 901 .216 .214
360 .570 .591 962 .191 .191
420 .509 .528 1020 .172 .172
480 .455 ,472 1085 .153 .152
543 .406 .419 1140 .139 .137
601 .362 .376 1200 .123 .123
D00 = .608
R ate«constant =: 1.87 x 10~5 sec.*’’*' '
- 153-
pH 4 .5 4 . Run 19
[ g] « 9.879 x 10~3M 2 mm. c e l l s .
I = .100 X= 2260A
[Per]c = 1.02 x 10“ 5M SP800
Tim e(secs). D -  D. D -  D, T im e(secs.) D - D .  D - D
N 7 0 0  t  0 0  t  CD t  CD t
obs. c a lc . obs. calc
4 .716 .722 20 .336 .335
5 .684 .688 21 .318 .319
6 ,644 .656 22 .302 .304
7 ,620 .624 23 .288 .290
8 .594 .595 24 .274 .276
9 .568 .567 25 .262 .262
10 .544 .541 26 .248 .231
11 ,518 .515 27 .236 .239
12 .496 .492 28 .224 .227
13 .472 .469 29 .214 .217
14 ,450 .448 30 .202 .206
15 .428 .425 31 .194 .197
16 .408 .405 32 .182 .188
17 .388 .387 33 .175 .179
18 .370 .368 34 .164 .171
19 .352 .352 35 *156 .163
D(» "  - 520
R ate-constan t « 4.81 X o & CO CD O •
1
*
-154-
•pH 1 ,06 .. Run 14
[G] = 9.920 x 10““% . 2 mm, c e l l s .
I  = ,100 \ =  2500£
[P er]^  « 8.54 x 10“%  SP800
DT im e(secs.) D -  Dx 00 t D - D .  00 t T im e(secs.) D - D .  00 t D -00
obs. calc* obs. ca lc
10 65.1 62.5 150 19.1 18.6
20 58.0 57.2 160 17.4 17.2
30 53.3 52.4 170 15.8 15.7
40 49.1 48.1 180 14.4 14.4
50 45.1 44.1 190 13.1 13.2
60 41.8 40.5 200 12.2 12.1
70 38.1 57.2 210 11.3 11 *1
80 35.1 34.4 220 10.5 10*2
90 32.0 31.2 250 9.5 9 .4
100 29.5 28.7 240 8 .8 8 .6
110 26.7 26.4 250 8.2 8*0
120 24.7 24.2 260 7.5 7.2
150 22.6 22.1 270 7.1 6*6
140 20.7 19.2 280 6*5 6,1
D * 75.4 oo
-5  -1R ate-co n stan t = 8.62 x 10 sec .
t
-1 5 5 -
meso -  1y2 -  diphenylethane 1.;2 d io l 
Run 3 .
A oetate b u ffe r  = ,05M. 2 cm. c e l l s .
I  = .100. X = 2500&.
.[g] = 5,466 x lO"4!!. SP800.
>£r]Q = 5.11 
)ime ( s e c s .)
x 10~5M
D -  D, 00 t
obs*
D - D .  00 t
calc*
Time(s e c s .) D - D .  00 t
obs.
30 1.412 1.414 390 .576
60 1.304 1.311 420 .534
90 1.224 1.215 450 .494
120 1.144 1.125 480 .460
150 1.064 1.050 510 .424
180 .988 .969 540 .394
210 .914 .899 570 .366
240 .846 .832 600 .340
270 .782 .773 630 .310
300 .724 .716 660 .284
330 ,668 •664 690 ,262
360 ,620 ,616 720 .244
Boo * 1’ 724
- 3  -1R ate-co n stan t = 2.52 x 10 sec .
-1  -1 = 4.61 mole 1 sec .
D - D ,  oo t
c a lc .
.572
.531
.491
.455
.422
.391
.363
.337
.312
.289
.269
.249
- 156-
Run 58
P e rc h lo ric  a c id  » 1.064 x 10" 2 cm. c e l l s .
[ s ]  = 5,498 z  10"4M. X a  2500&
I  = ,100 SP500
[P er] = 1.79 z  10"'5M.
Time (secs*) D - D ,  00 t D - D ,  00 t Time ( s e c s .) D+CD t D -  D, 00 t
obs. c a lc . obs. c a lc .
29 .661 .660 540 .242 .241
60 .618 .621 600 .215 .214
120 .551 .552 660 .  190 .191
180 .489 .490 720 .167 .170
240 .435 .436 780 .151 .151
300 .385 • 00 840 .134 .134
360 .346 .344 900 .116 .119
420 .308 .306 960 .105 .105
480 .273 .272
D » *815 00
R ate-constan t * 19.7 x -4  -110 * sec i
-1  -1kg » 3*58 mole 1 sec*
-157*-
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Dimerization of Periodate in Aqueous Solution, and the Second 
Dissociation Constant of Periodic Acid
B y G. J . B u i s t  and J. D. L e w is  
(Chemistry Department, Battersea College o f Technology, London, 5. IF. 11)
A dimeric periodate species is known in th e  solid 
sta te  in  potassium  dim esoperiodate,1 K 4I 20 9, b u t 
no such species has been reported  in aqueous 
solution. Croutham el et a l 2 m ade an  extensive 
study  of the  u ltraviolet absorption spectra of 
aqueous periodate solutions, b u t the ir work was 
confined to  periodate concentrations less th an  
3 X 10~4m, and no deviations from Beer’s law were 
found. The first indication of the  existence of a 
dimeric species in solution came from  a  kinetic 
study3 of the  p inacol-periodate reaction a t 0°. 
In  neu tra l and acid solution first-order kinetics 
w ith respect to  each reac tan t were observed, as 
reported by  o ther workers,4 b u t a t pH  10 the  order 
w ith respect to  periodate decreased from  1-0 to  
0-6 w ith  increase of periodate concentration from 
10-6 to  10-2m. First-order kinetics w ith  respect to  
pinacol were still observed, irrespective of con­
centration. This result could only be in terpreted  
by assuming th a t  dim erization of the  periodate 
occurred, and th a t  the  pinacol only reacted w ith a 
monomeric species. Accordingly, the  ultraviolet 
absorption spectra of periodate solutions a t pH  11-4 
and 1-0° were investigated in the  concentration 
range 10-5 to  10-2m. Short p a th  length cells were 
used, a t  the  higher concentrations to  keep the  
optical density  below 1*2, and a constan t ionic 
streng th  of 0-10 was m aintained by the  addition of 
potassium  chloride. A m arked shift in the  spec- 
tru m  w ith  increase of periodate concentration was 
observed; th e  peak a t  210 m y  characteristic of 
monomeric periodate2- was shifted to  longer w ave­
lengths, and  isosbestic points were found a t 
217-5, 251, and 276 m y. Q uantitatively  the  
results were in  accord -with th e  following equili­
brium  :
2 per.2- ^  (per.)24-
The m ean value of th e  equilibrium  constan t is 
2400 mole l.-1. The spectrum  of the  dim er consists
of a broad band w ith Amax. 228 m y and log emax. 
4-22. A sim ilar study  a t 25-0° gave a value of 660 
mole l.-1 for the  equilibrium  constan t a t  an  ionic 
strength  of 0-10. No dim erization of periodate-  
(pH 5) could be detected; the  spectrum  of OTm- 
sodium m etaperiodate was identical w ith  th a t  
given by  a 10-4m-solution.
F u rthe r confirmation of dim er form ation came 
from  potentiom etric titra tions of periodic acid a t 
various concentrations and tem peratures.. Values 
of the  apparen t second dissociation constan t were 
calculated (see Table), i.e. the  following equilibrium  
was assumed:
per.-  ^  per.2-+ H +
Corrections were m ade for ac tiv ity  coefficients. 
The p K 2 values are qualitatively  in  accord w ith 
the  spectrophotom etric resu lts ; increase in  the  
degree of dim erization increases the acid strength. 
By m aking a correction for the  am ount of dimer
Apparent p~K% values of periodic acid (concentrations
0 °
[Per.]
0-002
0-010
0-020
P^ 2
8-08
7-89
7-66
25°
[Per.] p K,
0-002 8-22 
0-030 8-02
0-05 7-90
45°
[Per.] p K 2
0-002 8-43
0-010 8-46
0-05 8-30
present in the 0 - 002m  titra tions, the  tru e  values of 
the second dissociation constant were calculated: 
p K 2 =  8-34, 8-33, and 8-43 a t 0°, 25°, and 45° 
respectively (no correction required a t 45°). The 
value 7-40 reported by  Croutham el et al.2 for 0° is 
evidently low, due to  neglect of dimer form ation.
The dimer is probably the  dim esoperiodate 
ion (0 4I - 0 - I 0 4)4-. H ydra ted  forms such as 
(H 20 5I - 0 - I 0 5H 2)4- are less probable as the  
corresponding acids would be weak.
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